Given : k* 41*-v»t. 5 *it-\ l~s 

PlNS ’. X., nT, RNb Ow NT i'is 


I 11.6 1 


Hrve „ X * 4l' - LA? * It-\ 
then nr - ^ - \ul’ - \el l »£ 
rns a - 4 Bl l -*>»t. 

Kt t»XV X* 4tlf-Ut^LUW OR X* 14 vr> ^ 

*J l =\v.a^-\aU^-vZ. OR 

<y I&uV'-Xt.H't OR a.-MoqV 


I twEN: X«3,t**4t'-U l -Si*& x~wmM»* 
GnV . X, ij' RNb (X NT A.* ^S 


Have - X» H 4 

then nr* JE* «.t\ilt l - \4l-S 
RNb CX*^* Xlt l *-l4t-\4 


<Vt I***: X > {Vbf*4lsS*--UV> l -4»lbV& OR X-I81 

»^Ml(V?v«.lVf-l4('SVS OR N?se>sTf' ■< 
ft.«V»CVf*2Al , iV\A- oR a* ^€SZ^ M 


11 o 

1 1,0 I GwEn : X*U»t*-&T 40 OOSTTt X-TN-.l-S 
F-iislb '- X, nS, RNb a NT 1= To S 


MrvE .. 

THEN 

RNb 

(\t 1* lob: 


X* >o t l - 6 * 40 COST: 1 

u= -- \£ 1 - 4 <ms vnM. 
a * ^ - W - 4OTT l C.0ST\t 

Xr<o(.'o'?-& + 40 COStoTT OR X=Z4&N. ' 

oSjnitV)-4ot\ sinutt or iSs-ii^ - * 

a w = 11 - 4-0 TT 1 COS UTT OR <X~' "S&'S •« 


GiVEki : v-Et.l-S 

PiNb! t, X, RNb OL WHEW nJiO 


x. U s - 

kT* Jt ' ‘sl-XO 

a - \ol-s 


When tf-io • Vt l -<»t-*o * £Ct l -l-ioVo 

OR 1'SS RNb 1W s (REiEd'S .•- l^S - ^ 
At 1* is: Xy aC>Y*-|lYS , --*©C‘sV& or x f -Sfl.SV\ M 
<x$ to CSV ^ or 


I Gwen : X* tot*- x~w\t~s 

piNb ’. l,X,RNb tS WREN CX*0 


Wne .. X* u>l* - it* - niN "it + 3 
then 0-«&--I40-t.l l -z4l*S 

RNb O.'^* "UtS'll-Z* 

When <x»c>: *ul v - nl - 2.4 * \iCUt l -l-l-V C> 

or Cil-z'HX-WVo 

OR l*\s RNt) 1*-J> IREiKO :. VO-tWlX"^ 

fltl:\s: XjU.S?- ZlV?- bl^VS C*. X^p-IEftm - ^ 

\^2.4liV*-Ui?'-i4l\,V‘i OR 


Gwen- x = , *>^?-Ll'-Mt*.- 1 * x~ wi, A~ s 

FlNb - . IClS X WHEN *T=0 

V^Cl^ TOTAL DISTANCE*, TSlRVELEb 
WHEN 1- 4S 


Hr\j£ „ X. = 'Sl > -Tc!t t -\'ZiL*^ 

THEN tf-$z * ^-Tlt-U 

was 'G>1''^- 

CaA> When mT*o; * ^Ul l - 4 t- 4 Vo 

oR I. * C» 

OR ins RNb i*-jS (.RESKT^ ;.V.is 

(.b - ) AiT 1 * 4 S: x r SC 4 ^- CT.A'tV »S OR x= bl IT 

a-v&T.A'T-n a*. o^To-otji. 

V IRVT oTSSERn/E thrT „ O S t <- IS sS" C O 

4. > IS ■ »S>0 

Mow. NT 1-0 X; Stn 

V 1 is X^Ml^-ToUS 1 - «UVi--T^ ty: 





1 

1-- 

-i 1 


SbTV\ 


Then K z -x 0 l ! \-'^-M’ 24 w\ 

U- Xx * vs-i-^ *niTA 

.'. \oTRt bvSTRNCE TOA.VEveS - ^.I4*T^WI’ TVi 


1 Gwen : X*l s -4i l * 14t-e. x~ ,n., 1-s 

fiNb: CO.S 1 WHEN ftTs o 

O’: X RNb TOTRE ■bNSTRNCE TRRVElJOi 

when a=o 


VKve.. x = I s - 141 - 

then st ■ ‘M , '-vB1vM 

RNb (oI-tB 

iaS When ,jso; ^t l -lB,la^4 i i<.t , ■- Vol*&Vo 
oR ll-iMi-AVo 

OR 1 * 7. S RMS 1» 4 S 
CM When a*O'- l=,l-T8 = o oR l*bs 
<Ct i-Ss: X<n'i k -9CS> 1 V24C^-& 'SR Xj TO >N. 
T'RST O&SERVt THICf .. Oil* IS 1 |J">0 

i s* 1 — ss : ir*o 

Mow RT 1 - O : X o « - 6 IN. 

RT 1*. 2s’* X t * UT^-SU^RiAuVB * \I IN 


-fe IM. O lOlH. Illrt. 

IOS iss) (is'l 

Then x t - Xo = »T- l-M • io in. 

ix^-x^* \TO-M\ » I IN. 

/. Total sisirnce T«Rvet.Rb • CzoalVN s IZ in. 


1 


TTT 












' 11.8 | 


£>WEN . X*t'-lot 1 -SUf -40 X-it, t~ S 

Fiwa: (.a 1 ) t wusw rr«o 

tb) NT, a , ANt> TOTAL SOTAUCE 
t«vs\/ele.*> vohEm y,«.o 


.Have.. x * t*- t-t l - siot - Ao 

THEM * ^-'Zt-Vo 

NNb a » - xz. 

io-t When jvJoo t Z'O-tZt-'SL * Xit 1 -At-\Z^ »0 
oft. *0 

; OR. -f--Z X SRESECTt *Nt> t‘t.X .*. t*lo X 

iW) VJwEM X»OI t'-iot l -v.L-So « o 

FMaoRlMO... it-toXtvzXt**') '•'O OR t*xos 
Nova observe. that.. ost ‘loS : *r <a 
bx<.t mox: <vj>o 
ans AT t'O'. x o = - ao it 

t*wv xj tbs’- bUi'-su wv ao «- iv. it 

t*\OV. hJ • Zi\Ot l - \zuoV^to OR «Sj\AA^ 


I 11.10 I 


a ,5 uoo'i-tz 


OR CV--4-B^ 


-lil.it 
tv, s') 


-AOit O * 
to) uox) 


Them lX w -X.l * l-Zst-i-Aoif ituit 
Xio-ltv. * O-i-lSUf ibb it 
.'. TcfTAL OVXTANCE. traveled* LZttoTZSto'At = <nz it ^ 


11 Q it 

1 ° £>WEm : CL» to ; AT t‘ 3 , x*-SZ if, 

AT t* ZS, ^ 

P>Nt> : aT, X, ANb TOTAL INSTANCE. TRAVELED 
AT t*'S S 


Have .. dt * ®- * b s l ^ ^ 

At 1‘ZS, iJ*-t»V / u d»r« Jji.dt 
OR oT-i-toi'W.if z') 

. OR tf. bt-tB ( ^ 

Also.. Jt * ^ * bt- IB t 

At t*o, x.-Wil! J^dx * (.('•T-iB'ldl 
oft x- l-tti - H'-tBt 
oR X * Zt‘- t&l - XZ iVO 

At A^tol^i-tB oR s^\Z^ ^ 

W?* t&UT -11 OR X*-A1 it ◄ 
When AS»o: bt-tB-O OR t«VS 

l>iv. VUvf-tBtsVXZ • - v*it 

Nbvj OBSERVE. THAT DS-tAZS l iJ" <• 0 
SS«.tS«,v. |\S> O 


-v>«. -si\t -Slit 

Us) Us) to) 

Then I X, -x<,l * \-m- t-sz)| • i-\ it 
I Xs-**\ • l -*T\- (-»)( • tz it 
.•.Total -^stance traveleN * C.Z 1 + tz'iit - ’S') it 


Gvvejj. Q.o.t ; Kt t-o, nT» ito'^'A; at t>\S i 
Hj=. xb ,,J ls. , X* zo IM. 

F ms •■ d\ X. AHA TOTAL AVStAMCE. tr/WElEX 
AT tOS 


Wave .. CX- V.1 b- constant 
N=w ^.o*Vt a 
At t'O, fS, xto’-i; : ^dkT •■ J 0 Xtdt 

OR nr- tto » itt 1 

or J. tt„* iXt' ('^h 

Al t* t S, |J« Vs 1 '? ! \S • tto ^ » i bit x ) 1 

o*. fe. - v Z ’"s* d« tto-t 1 

Also Je * •J* tt.-t l . 

At x*zoih : l lo ^' * !, l'to-t l Vit 

CR X-ZO * \.twt- st'l , 1 
Oft T, » - jt\v.t *■ ^ liH.) 
tUEH.. AT t't S: fX,-tto-iTi l OR •T,»-"S'X'a 

fcjV-ilTfotwnV? OR X-,‘1.00 in. 
VJheh aTso: vto-t/ *0 or t* is 
At t* o : X D * 3 

t= iX‘- X* *•■ ^ * iT 04 . 

Mom observe that .. Oit*-is: (\T >o 


hem X^-Vl, » AT- i • iz.toT»H. 

\Xt-Xx( *\ 1-V)\ >4S ,,1 
Total tsxsTAMtt traveled - UzaTt As)im. » BIT ih. 


11.11 


G.wem ; a» A-Wt l ; at t*o, x*B w, k3t*o; 

at t»t s, t>r» so ^ 

F\MS ’. iCLS t WHSM xr« o 

Lis') TOTAL L'XTAMCS. TRAVElEX VJHEM 
t -^. S 


Wave _ a = A- lot 1 A, - ccmwiami 

NLjw * o. • A-bt l t 

1st 1*0, d.O! j/do- • 1 0 CA- tot l> >c4t 

or At-It' i'?') 

1st \ S, •• •jo » AcU- ZttV 4 

cA i*lZ^ AMS sl*xzt-zt' 
Ai.xo dt * * ■JZt- It' 

At t‘0, X»e.w\- j^dx-* i 0 ISZt-Zt'^dt 

oR X * 8> ■*• ttot' - it* Sts') 

la) When aTxO: ZZt- Tt' * Zti it.-t l V C> 

OR t'O AMb t«is 
iV>) At t : is; x<«- B + Mol'V')*- jU)* * iXto ns 
1--SV. Xs*a^)VA^-ilS^.^B.«, ws 
Slow O&SERVE that C>< t<- is •• d" >0 
AS'-tSS.^t ^<0 


(O) tsxv iXX) 

Then X^-X»= Vito-B * \ZB> ws 

\Xs-X 4 \M<=»S.S-VStoi • AO.S ws 
Total Instance, iraveletj i (.tie ♦ to-^vo«\iob.S m 


2 






11.12 


<olVEN : ^ AT * O, X*i4vY\; M t*WS, 

Pims: XU.') kw*i u-lf} 


Have .. a.- R*t l R - constant 

Now (X * RT l ^ . 

t'us, ^mb 1 ?'. J, 6 H»y * 

OR fj-)&, » jV lO- 1W.1 

OR o 5 : >&«• iRlO- l\\J) l '?') 

*l\o kt. ib*4ki0-z\u> 

At t«-o , M Z 4 m! j 'dx * i c I'B* sRlO- IVU'Hdt 
cR X-Z .4 » \Bi* sRUt'-Z\ut') 

Now- Art*us X=Bu»w- ^U-Z 4 ' l&OoV^RUlU'l'-Zx.u.Yl 

. i M 

o«- *.* <* *,* 

~n€». x-z4* v&.t‘%l2sHH*-2-"- t '* 

o«. 2.4 ^ 

ANS ivT r \ B * 4 UXt?-*«•) 

OR. tstV)* £y0* NO 


Gvven . For Z >& 1* IOS , a-. t» ; at tux, 
at Imo s, ►s , *o.sl' , 'K > 

rDL l l*2»>k.»| 

[n»>: UV) X AT t.* is AN»> AT l* \o S 
(.S') TOTAL asSTANCE. TRAM EVES F«.^K\ 

t* Z s to A.* vo s 


R 

Have.. &• T 4 ^ k~ constant 
N ow v. 

to l-zs, tJs-\e, s : i lS 6tf * J t , 

oa t-v&V* *,i ^ ^‘ < 5 >^. 

oA (V 5 » { "O 

to 1 -vov *j«o.v. %•. o.’Vo s |<wV voO 
OR V =■ UB TYV-A 
anS vS * )- '%*• I xl 
(.a) Have ^ ^ ‘ '- v- 
Then (dx * (lv- '$')<&. *• C C - constant 
or X=t.+ \ + C l "s') 

Now X^ZX,,,: Z* z s C *Z^vo* «b*^- ) 

A o*. C » u nv 

AN*> Xi t*-T 4 '’i IttH 

.‘. to A.'tv. x x * t'-'^U-Z. OR. XjaSS.Zws 

AGIOS’. X,o s VO'loM.Z. OR X,c‘ O.U «\ 

Kierrt: \ secona solution exists FOR the. case. 

x t » 0 , x, a <- 0 . Tor THIS CASE. C s ' *Z <y\ 
AwS , X^.-S'^WN 

lb") VJhem hS* o •• \- * cs or t.*- B s 

totoBs-. x B « b+^avi » n.z w 

Now OASERVE "THAT i iit< BS'. ►SCO 

B s * tc vos’. iJso 


Gwen-. <x*-e>"' / s l ; at t*+ s, x*zo<v\; 

WHEN nS* VW W '/s, \i 4w 

f'NE. ~. CCO| t WHEN »J»0 

Cb') (V Aktf> TOTAV. OVSTANCE. TRAVECEb 
AT t* \\ S 


Have o.« - & ^ 

"VHEm idM i f-& dl * C C.-CansT»»JT 
oR rj s ' &t ♦ C 1^1 
l\v.so $E*Ay*-&\.-v(. ^ 

Nt j L< 4S, X»Zota v 

OR X-ZO » 

OR \m-41 1 N-Clt-sVa* Lta 1 * 

When i5*iv. s, x*4w. h.*-81*C *o c««.»&! 

4«-<vO*CU.-4VeA 

G3A»<n<nS-. O« - 41. x * Ou *B^H.- 4^ * Bo 
SimpuFyvnC* .. t l - A-t ♦ A- * C> 

OR 1>IS 

aivt, C-3i^ AT--QI--SZ 

X.-4b l *"MV.-44 l*T>') 

ta') VJhen aS*o: -6t*'iZ*o or t» 4S ^ 
M t*o : x»t - 44 w 
^.- 4 S‘ Xa * Zo to 

"t» \\ s-. x u ■» -Al"V , *- - vznO- 44 * - ric. tv\ 

Now oasERve that Oii<-4s '• xr>o 
4sdM\s: (JcO 



-nutYv 

ins^ 


Then x a - x„ = EO-l-44')« U4<v\ 

Ix«-xa\* \-nu-zc>\* 

.'. Totac SVS.TANCE TRAVtCE.*>> U>4 V \HOvW * ZUO *v\ 


^ Gwen - Ol* RIvoo-x~), r ~ constant ; (jso 

AT X 1 40 WWi, K* VUO «vw\, WHEN 
XHOO TVvrrv, »r« VB N 
Uis: ia") R 

(.S') |>J WHEW X* 'ZO wvivv 

la') Have, > a-Rl^oo-x') K 

VJhSu XHOrn*. XT-o. (, aStJat * L Rl«x>'X)<ix 

OR 

OR itf 1 * Rlvoox- ix V - SZOO") 

VlHEW X* \OC> A\y*, \B. 

t,l)B') l »Rliooiioo')-il'oo') -SZOo] 
OR R-GCflt L ^ 
lb') '(JhEn X’-IZOAW'. t’S t =^^^ ,i(i '' 1Ci Vtl'Zof-'SZOo'i 

=• I4A- 

CR tJ* Zllo <: )l T! V ^ 


aim us) 

iav) I'osi 

Then 1X b - X t \ * lut- ^.z\ * '& w 

x»o-X B « as-az> o.Aw 

.'. TcfTAV. TSVVTANCE. TRA.VEUE.bs IVB‘04 Sv< 0> »b.4 Tr\ ^ 
Nerve 1 THE TOTAV Ty.STANCE TRAMEVEb \S THE SAVE 
CoR boTH CASES. 


3 









11.16 


Gv\£t4 ’. a * V V> X > 0^>4SrTKVJT \ Vslv\£vi 

K'O, m«o; vjwn \=£»tw, 

Pi Mb '■ V. CL'* V. 

C.VA X WHEN n5 * 4 .5» "X 

tO •^MAX 


(0."> UavE x 

When X^O. cl*0: [^sriut 

o«. isJ- 1 . -V(.xi* - O 

When i^S 1 .-ftO®** " i\ 

CA X = ^ T> 

tb') When iW.S.') l «-4a(.iF4- V') 

OR Tt' i\.Vo w 

tO Mote, that when u* *s MM . _ o.*o. NJow- 

a-^O AS X-»co Vo THAT 

OR *W»* 


Gwevv . <X'W>x-\ 4 - ( x~ft ; 

WHEN X«0, aT* S*k 
PlNb '. t X max 

tVS U WHEN TOTAL b\SYAN&E 
TWANEL-Eb » \ 


Have st ^r* <x* ux-i4 

When x*©, i 5 - 4 ^-- J^tfdnS • S 0 i.'oV\VM*. 

OR * ^V*. 1 -tfxl^ 

OR * *' 1 - 14-X * ft 

(,a.\ f \RVT bETERMiNE WHERE nT-O.. 

*X L -i4X*e> « l*X-EHx-4') «CX 
OR X* \ iv AMb X* 4 VI 

Now OBSERVE THAT AS THE PARTICLE PASSES 
TUROU&H X--0, >J >0 AMS a<-0 ANb THAT ACT 
X-\ft, i5SO ANX 0c<0. Trtos, THE parhcee will 
NEVER REACH H« U1 ANb, THEREFORE., 

-O.LW1 lit 

CV) The PtvRTKLE WILL HAVE TRAVELEb A TOTAL 

tA-STANCE OF ( ft WHEW IT PASSES THROuCM 

*= S ft FOR THE SECDNS T\ME AMS VS tHSViNC* 
to the left. Them-- 

*a x s l ft •• la 1 . ->CVf- I4tiv & - i 

or ej.z.h^ — 


__L_| Gwen : a= h. (X- X \ b. ANX K AWL 

CONSTANTS ■, AT 't-O, X= \ ft , NX O • 
WHEN X* IL ft, AT - t°i tys ; 

*5 tx* e>ft^ * 

P'Nb : AMS ft 


Have 1 ol * b Cx- •%) ^ 

When X- 1 ft, j^udN - y U- X Vi* 

OR y^ix 1 -\LmX^ 

-Wtix 1 - NImX- t) 

M X»Zft'- i&l r /V.LNl') 

x^Bft = yti(.b') l -(v,LH&-i1-ft( > 'N's^LMe.') 

(,COHTlMotb') 


1 1.18 CONTINUED 

Now- 3-1: 

x fcS V. y«.\- R w*X^ 

oR L-ARlmI* Xv-S- RtHfi* 

OR IS.S-. Mlm6- 4lmL^* CHZ*^- 

OR ^ 

VvJvxem x*w.ft,*r»M%; tu^.yUbw^-iS^^iwvi^ 

Kk>TIM& THAT LnCH.^ «-4 \-Ni AMb - V>llXT 

WWE .. &4\ * ibb- 4IMUS - 'i 

or y.^V'bilt’- ^ 


^ 1-19 C>weh . a*y<.'-L*>, y- constant; 

WHEN Xc-Ew, IT• <o'S ^ WHEN 

x^o, »r»o 

piNb - . CCLT y 

Cb') IJ WHEN X * - \ W 


CaL) Wave at * o.. V ^\-€ K ) N ^ 

When x= -l / io-d»r * J y(.t- r^Mx 

or • V\ x*i l', 

or tff 1 . Vl 6 

When X-0 ( u-^O’. O = Ic(\+i-l V\6> 

OR y.*4.HMV ft*4.\O^C 

Eb 1 ) When x*-\ha' 4.soi\ft\*-R ♦ Z-r 1 ^ + 

csR aT-Z.A^^ 


_Gwen; a *- lo.i* vn 

b*o.& w, when x*o, ny«\'" rl '/s 
t-'Mb *. (R'j «J when X« -\ *R 

C.y') X WHERE <S « fS^M. 

CO 4*» 


Have a* - (.0.1 *-vNoa'i 

VlrtEN X'O, \ 's'- XtNOE,^X 

OR » -\o.tx-o.&cox§: fe ^ 

cr t»rS -o.\x-* o.fc cosolfe) - o. 1 !) 

(a' When v-iy £ir l *-o.u-i^+o bcoxsrft * 

cr ◄ 

When ft«o: -o 

or x* - 0 . 0 RO '"b 4 ta X'-O-ObOliH 

tel When v-o.o 6 o\'Htv\' 

zAmw. * o ofio \TAVft®> cc* r - ^‘ — - 0-^ 

OR ATMN.M.004S 









11.21 


Gwen ; a * o.bI«i**aa > a.-~Ys\ 
VJren 11*0, |j« 0 
«xV x when >s «. ia "K 

tb") kX WHEN »=(ow 


HrvE 'J&i- * - 0>6 'IvO-* AA ^ 

Wkem x-0 >k J.o: - J a O.*cU 

OR UkT l *Vi] o ’ o.e,x 
or -l3 T »AA-T_2_o.e>x 
IrV VJhen o--*RA*: iiA 1 * AA -1 • o e>x 

OR V. * 2l.b t<\ ^ 

lb} Wren X x 4C> wv*. ikS'k^B -1 . O.BLAo} 

OR kJ.SB.A^ ◄ 


GwEn : 0.»-b.(kr t b.~coM5TM-n ; R-v l»o ( 
X x O, v5*e\ w 'K; VJHEN X>I6», 
<J- ^U'' V 'K 

Pints : lO ij WREN X*RO v*\ 

Lb 1 ) 1 WHEN tJ * O 


Lav Have a. «-v55 

so Tu*a x -'e.c4x v 

Wren x x o, k5» fill's". ■ ( -b.tix 

e> _ ° 

or • -^x 

OR \( <a St --\zM --V\ 

VJhen X*\&w\ x,<^u ,l -izsV - VA'b') 

or 2 V 

Gnally.. VO HE VI \* 2.0 WS •■ 4 l k5 ^*~ -12A} * - \A Uo\ 

OR kS*. l*A vJ.t^,->> S < 

(.W) U#,ve = a. * - \9 GT 

fct l*o i »r»e\' ! ^: Z* 5 ^ • 

_ 3 

OR i -Wl 

OR iHd-A}. -\At 

VJvaem >$*<>•. IL-^'-vAt 

cR 1-ttWS < 


11 ■» 

1 , ‘ £ -° G'yevi ■. a.*-te.C , b.- OONStANTC ; AT t x O, 
x«0, k3 * ". '"Ms ; WHEN X*lolv»., 

u* \ "‘•Is 

PlNV . EOkV kT WHEN %- ■b >N. 

Lb') t WHEN kT *■ b "*K 


dd . i.s 

(.<*■) Have vt 3x = <x * - b«y 

SO TrtRT kf'^dd » -Vtd* J, 

VsUen x*o, (SmIoT! •• f ^ kf l ' 5 dd « ( o -bdx 

or 

OR U&-$Vb* 

When x*g ur , *s=\"*'ls: 2.1(7 * bov ^ 

<*- K* vt 

GnALLY — WREN x*biM*. tL<» _ R V tlL^V 


t«. & - rA 


kS • o*. '•§ 


(CONT.NoOi') 


11.23 CONTINUED 

Lb') Have ai 1 a * ~ vi ** v * 

M l»o, »r. )v, ^ -. f"*" ij x %ikT ■ j - 

^ .-V 

or iL ^r' 1 *- - ixZ = ^ 

VlREvi kJ-«-q •. ^<1 - ts} « \ 

or 


H-24 Gwen : a'-b/uo;. d') >s-^\ 

K\ t‘0, X x O, KT IvlS, 

■J ^ O.bkXo 

P'v»<> : C. o.^ kj 0 

Lb^ "t WHEN kT-k-O 
EC-N X WHEN kS*-\ 'Vs 


ECX') Wkme • JX« - EvT„.^ 

kf i- x O ( kJkkSa'. CtiS^-kT^eikJ • ) 0 -Sd\. 

x OR -HikJo-U^l^ 

OR ttvS a -<Jr'4 l - Sa » vab 

M I* Z*>, kS = OiiS, : CZkJG-O-bAaS 1 - *Sa * 

OR |*5 0 t .Z.O ^ 

Lb') IArme (.&-*s?- \b • vot 

VJhen tTso: LSk - ) 1 - vU * >oV 

% OR 

LO Urye O-ds. - <*■• - Rkr a -»r ‘"^Tr v 

bJvktd X s O, kT^kS^A^’. KT'ldvJ * ij- *Sdx 

or ikj^l^ • -S\ 

or LA-i 1 - iks’V L‘.L^S , ■- \L^'V -bx 
c*. La vs v - Stf'V ■ x_ bx 
VJren kT»\ ^ ’ tAL'S'-»L'S*V *-bx 

or x* - ) Qo EV 


11-25 j Gwem: a* 0. AL\- R*r') % b~ toviVTNNY ; 

RT 1 = 0 R^A'm.hTiO 1 k.T Ld^S, 

kS-.A^Y 
PiNb : La> fe. 

Lb^ X vwwtv) kTt G ’"/s 

LO ^5*1*0^ 


(.a■) 8 rve a- O.AL'-"-* 1 ') 

Mt'°, kTvO: » I^O.Adl 

OR - ^ ^ bA L'-bkTS\ 0 « O. A-l 

OR LnL'“ b.kr^ s-O.Ab.1 ^ 

M Imes, LnL'- AV> * -O.AbL'b^ 

* - GV. 

Solving. YiELbS R* O. )AV)o"b m 

C>R b.»b 'Ab") 

Lb') IArvE kjjx* a * O.AL'-bkx'l 

VJhen x=A«>, 1^7^ * f O.Adx 

O ' ^ h 

kJ j. . VR 

Wow — \-'n.tr *■ “ Vl \-XkX 

lot- b* VLvbkrvV 11 ’ * I^O-AcW. 

ofL i- i. ~ r»- bML'-b.k*')^ . o. A Lx^ 

C CON^lNOSb^ 
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11.25 CONTINUED 

or - lnCT-R>ji] * 

VIhErJ iJ * U V ■ 


11.27 


IXE-loS COHASToy) 


LnC,'* 0.\4S>»‘i*'o'li\ • O.A IT-A') 


cR O.AlVAV^G.AVlfc 

CR JC»»4V*tf\ ^ 

It - ' "The majuwvovx vevootx occurs vjwoa o. »o. 

.’. a»o: O.AI i- 

** ’ o.\**»noi a xa ^ 

or io.ec> ™ 

Aw RCTERNATWC SOL-OTlON TO R>Ef»>N VN'TH Eft.C'Y 

» - 0.4 bA. 


IWOS, OVxm. IS R-TTR.WtS RS _ 

*^NH. * i. -. RS (Rfeovt 


^ ^'26 Gwen •. a«-o.u-J-" k/l is~ n 'l'* x 

rt t*o, x«o, Nr*')'"''/* 

P'NT, •■ (.Os') 'll WHEN *y. A YV 'ls 
(.0 when iS* \ m K 
CO 1 when X * U *r\ 


cal Hrve a«- o-VoU 1 * 1 ^ 

When X-o, iJi.9^ : f * ] -O.«odx 

or 7\..S% . -O.VoX 

oft CO 

When X» ^ (.■*- 4 Mt ^ 

, _ .. OR X* 3.VS tr\ 

Cb") Urve. “dPt * 1 - ^G <s lL 

Whew t*0 ( I oi^da * J 0 ~o.v>dt 

OR -ZV*J \ * -O.Ut 

OR <5 - 3 * 0."it 

When ju\ ^ ^ «. O.Xt 

. , oft 1* Z.1Z S 

CO Urve - s * o.xt ^ ^ 

°* < \S&0 ' V^oStV 7 

Mov4.. O’ • 

Act 4.*o x*o: | x j- . (*• __2-. db 

’ e» G U*oStV- 

oft X» o?> \-*oft4.1 0 

-' o ^-Tbr0 


_ai 

\*o!4t 


When X-Gw>: U * 




Gwen ~. NT»1StV-0.04 x 1 o’~"' , /b ( 

X~ mi • RT \.»0, X’O 

P<ns : CaS X RT 4. M Vi 

cb^ a rt t*o 

CO t WHEN X = V> TTVX 


cal Urve >j« ■vsu-o.oAx') 01 ’ 

At4.-.o,x.o: ^^5. , • Jf>** 

OR aKt“£50tC'-CxO4xy ] 0 * TSt 

OR »- C'-O.'lAX'} *O.L\t CO 

OR V l' “ l'- d-1'0 70 '" 1 ] 

At4-*\Vx-. 

. J. OR X»"\.\S Y«\ 

CO Hrve a«AJ-3* 

= n.sc»-o.o4xv' Sfb-sC'-o.oAxv ] 

« n.s 1 (> o cy\xf ' [co.sh-o.oa^u- o-oAxI^ ] 
3-O-Ulb ( \- Ci.oAxV 0 ' 4 

At t* 0 ^* 0 ; a,« -O.i-Tb *■ "^Ja ^ v-oos 1 

or a 0 * -r\b‘io* 

CO fRow> EucvS.. t» ax> C'-o oAx^ 0 " 1 ] 

\cJv»En X*Utv\x -. 1.* aTxl C-L'- O.CSAC'o^ 0 ' 1 ^ 

= o a^ii^ v, 

or !• A*). 5 ! min 


11.28 



r O.'&xij . «V\ 

Gweki - o » x s , x~w; 

xT 0 » i.U ”Vs 

P\NR '. CO a WREN X *2 wv 
Cb"> TIME POR R>R TO 
RVJiVJ titoM X») w> 
To K'lW 


Cal Wrve a * at lie , IO . 


When *«Ui a ■ - 


O.OXRA CA.U^ 


oft a*-o.obiGjL 


oft t m C UO <» 

An r\-terjnrtwr rouodow \s to 'S*£»<n snow Ea. C'V 
X* SUX-tf'M 
Them >s * CV o.^x^ 1 

N^.. m xxo-. * J a dt 

_» r I •» ><v 

OR V. • ST l -i-O.VPio * ^-OHX 
VHHX.R CJERV* TO TRR. SRHVft. ftiK)R"OTA AS RbONt. 


Cb') \ 4 rvE ^ ^ 

.1 A» 

Prom Wm to X’^m * J, xdx- J^ o.v&^dt 
oft [ ix 1 ^ j 6 .tti^Ci»-U 
oft Cl^- 1 ,^* 

oft ivV ’io.ni> 
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G.ivEm -- a*-'5®l/twis/io.^oo*\] L 
a. - V 'K- n - ft 

' El!45 l V'*.* *<««n 
uft j; « 1800 
(.s') *y.> vjoo vr /* 

<.0 4i 0 * 3(., loo*!*) 


_ dkr Tl.Z 

*■* ^‘'-F3 


' IoAmo!*' 

WhEM *^*0, ** ’•* S o 

i"W*. *r*0 

T ~»“ f\*>- 

OK -1*^0 ' -'iL7.\-10.'>»\c>* , . M ^ ] 

£SS3* c 

CK ^ MH)Kt ) 

. ZO-Hmo" 

■T. 

^ Mms* *■ 1.4 A. - gj 1, 

j. IoSmo** 

c<xV ^t®* >e.oo ?’ ^ 

l kfcoo^ 

* ~n ii&oo>^ 


(.Vat (J® a 3000 % ■- 


iofl'icr 


OR » SO.A*>o ft 


'1mm. 1 


l.C.'* *r®* V.,-ioo^ ; 


l ‘bOOO^ 

UA»- i5S2ai\ 

2.0 9»iO to 


oft. . \4o>\o ft 


CV».1&oV 


UD.<»».\o b 

vt « -in« ' ‘i-OVsT ft 

I HE VELOCITY 3 < 0 , 10 C> ~S \*a KPFKC.XiMKTEX'r THE 

ESCAPE. veucriTt * 5 t from the. Emoh. Poe 

14 -• CD ^ 

lMWt 


11.30 '?-r r __ o.,c,„ ... 


Cl 'MEM ■ (X 1 - % , R«s%o rrii , 

WHEN r-OO , iJVo 

Pins : idj. 





VJhen r-?P, >** 

C*oa ,jr.o 


j Cd* - | - 


11.30 CONTINUED 

oft - IkSa » ‘i’-'t r\ s 
OR 


- (, 2*-w.i$* ‘ ^o™ • nr^r* t 

co. di.» 3W.”\»'o ^ "" 


^ 1 ChvEn - x 5 *iJ„['- vnI V >] ; vt 1 * 0 , \*o, 

<J»«S 0 

Pims •. lal X wos a «ct 1 * W 

CV) kT„„ t Ooftnot. 1*0 to 1*T 


t.o.'i Ukve. 35 .* & * & b {\~ H 

Kt l*o, x*o ■• ^d*. • S^*r®\.\- , *'Nx‘ 5S r ^dl 

OK \* *J s ll‘ ^ C 40 S(.‘?f : ')'\^ 

*t i* vr: . at®[-st* ti y "^3 

* J.UT- 

OR **, * 2.3feft.T *" 

l\\_V2>.. a* ^ 

to a ^ 

c«. Oy,-* -=f S “ " 

Cft Os**»K t«. o^.. 

Kt t*o-. Ho* *s®\.o*^cosxo^-^i*o 

^■r t*T: S * 'Joll* ^ eos^l- ^3 

- *To CT - ^ 

= 0.3io3kJ-®T 


Novj.. nPavE * 


o.-Vo3*r®1 -Q 

T-5 " 


OR kSiv. t ~ 


tCO»<T'MOEl') 


11 R? 

I (mvE*> : *j**r' SIN(.O*,!*<*>'} ; XT t* 0 , X*Ko, 

j® y X(®k * "2. X® 

Shqvj ■■ (.a~i hjt' 

OtCORS VO HEM 


CaN \t 1* o, »s* »s 3 : .5*® • kr' v>m l. o*4>^ . 

Then cos 4 * - »r®*-/*s' l ^l f ^1j- 

Mo'*l Jf* *5 » *s'—* 
Kt 1*0, x*X 0 - L X dx * j^ky’ y»*CtOMl*iVit 

OK X-X® * (Or' \.-o H OaECWH^+ilo 
OK X* x®* ^ L - tOSCO®!**^ 

Novo OKVt«.VE THKV XmK» OCCoKS Vi REM 
COS(.Cj®l -V't 1 ') * - \ . ~HEM-- 

'»vv»* Z- 11 * 1 X »' v l OOV4 ~ I*'VI 

, W 1 -*r®* \ 

XOE,VOtot>*lS. FoH. COS» <t>~ X® * V 3 ^ * ' I 

OK X®u5® - kS 1 * W’Vk rj- 
SOoMVHCk VcTH EiE.ES OF TH\S E®kjKtkOH - • 

X® L <-C - 2X 0 ^* kS' 1 * kJ'j kT® 1 

» 0E ^ , 

CC<»»4Tiv406.N) 













11.32 CONTINUED 

C-Sl FiRVT OR VERVE TvAAT kT mkv OCioRS VJrttsl 

t-VL *•■$>-» t.. Tut cofttes^oMtivot vMut of 

X. ts 

^MKX ' '* + O* t 

- X 0 + ff>s 4> 

SoRSTFTOTlNC.. F\R<iT FOB. Ccfe> 4 > (SMS TRE*» FOR. it'— 


\r , ■*. *L ±« 

^•'■s K - CO* 


* Xo 4 ^7T7Ht^o + ^S t Vi*S l ^M ,. 

. i t_\ IX 

- 4Xo s)*j fT, ) 




ZX.^ 

, kSV. \ 




11.33 


oo>36km/ti 


1 lU-i^l ae.b. 


Gwen : sG-Sk. *7s t 

b VjnvVoOj^ WXEVtWiOH, 

RX* <Z.2 bw\ 

Tmv . cal a 

^ a*> t, 


11.35 


A | U| Gwen: j i t 

F-ns •• ka.^ >5, 


,-t.sTV.S 






kaT Mkve * i.a.1 

AT t SM4S . ^ * O 

7*tc*-. e>* ©AsCl*• tS.c.tsv') 

* itM.1 s t H"-Sl' 

aR oJ, «ZSZ ^ 
kbl VS.VE .. sS ,1 '> iS, 1 * Zo.C'Y'Vl 

'REN .. 

o-kzsj. u-iu"i'yv>-eftslft 

OR. 


11.36 

G\vew a = m ~ con«-rnt • «loT'h 

v A = 30 mtft 

P.ns: Ca'i -t B 

CS> 


B 


t-o F—-*,*0.lCw*- - 1 

~tQ—< y -*>* ^o-—<y 

ko.) Have.. sy, - *-- «s a *-*Z(XCX,-)Q 

OR 1Zb 'si 1 ■ t'O^V* Za.CtoOYw') 


--^T.is’5 


or a.i\.s\zs£i. a-cziz?. 

m, * oSo*aT, 

ts^ mo 1 ? ♦ u.mzs?.M-, 

OR 1,» U.41>S 


LSI Wave 

oR 


11.34 


Gwen - - CL * -O.sTv 1 ' -constant; 

► uo a.x=\S>A«\ at»8s 

_».0.5m/»> CcNS - . lo ^ j- o 

jBft. (.S') sT RT 4 S 

iHH kO ax M OS a 


- 7^ * \U4 »*\ 



kco Mrxe .. x . x° * J»t * iat 1 Crt 
At T'Bs: \u4tvs « sr„t6s') * t.GO.s'^H&s') 1 

or »J a « ZZ* ^ 

(V») Have.. *tf* *s„vat 

At t’Bv- zi.S'v *(-0.b V^C&sl 

D**s aSJ^ B \£.S 

CO OsiNC. Eg> k-V. = UZS^yo.LXytV'Xb’^'Xo.I.sf 

OR X„ e IZ. 4\ Ytv 


*■ °^-L J-^ K-to^ -44^ 

^-Q -- rfr . kat Wve.. yX°* ***3- *iat l 

A VJWRN X‘X* .. 

ISO VZ • CAA^Yt* * il" 

OR S.^t% + AAt% - 'So »o CU-s^ 
Solvins for -tut -R.VFWE «.coT.. -L fc » Z.TVSO S 

OR 

LSI Wxve.. (vr-sVsat 

At t»t*. -Jr- aa ^sen^XAOkSo^') 

-1V&SS% 

<Li 

CA «S^* SO.4 h 


11.37 


Gvcw•• OEXtZSwx, a -constant \ 

IS w\ t xe\oo w\, -J.con^snt; 

ACT t-O, sS-O; Vjwfew X-ZSw^sS-A X 

Fins - . CO a 

LSI tS WREN X* IOO W\ 

CCl t WREN X* too w» 



ka} Have.. X->C*>^t * tcvC for oaxiiS«v\ 

At t*SA s: ZSt*\ • xO.lSAs ') 1 

or a»Z4oos'$- a*Z.Ao^. 

CS1 F\RST note THKT (J-- AJmn. for TSwviXUOOm 
Sio-N.. N- 1 . ZMX-JQ OSXk^w 

\slRtvl X*Z4»WV . ZCT-AOiS^yzS 

C CONTTNvEb^ 
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11.37 CONTINUED 


or j^MZ.^tza^ 
LO Have .. X. T X, * |J. LL 
VJtXEM X- XOO XW -. too wx 

«J W «XZ 'X-’s ◄ 

-L v ) FOR )Sxv\CXiXOOw\ 

» dSm»LXZ e »bLB'^)LLib.4)s 
OR L t » XO. AX S 


11.40 

I29n i/i 

, 4 K 


<"«)» •« 

!$• 


11.38 


GvvtN: to t*.0, «>* «0 ; 

vt t»x.ai.s, 

«r K -ir % 

F>U<»; to.0 0.|y Ak»>> 0.» x-NOViini 

THAT BrfTU Sit oN'toftM 
L» MWCM donna % 
STARTS TO Rokj 


La) For km>> C-*t> vmne _ fj-'- = kJ- 0 \za<.X-'R,) 

IhEM- NT B.. hS^_ » Jl£)- *■ 2(A.a ®‘Xl-oW 

* ZB 6 'Fjt ( • b.1UUL 's ) 

Km’s KT t>.. sj * *FO<.sL*b-V) <d'X|»-X.e. 
oR Cl.z' ( S) L « lie.&^VUA 6>;>VJ 

o«. d=2.4orv\ 

Lb) For /\-*b knu c-^b wo* .. id*fcr 0 vat 
Them- .. VM.X.X. "s * o* LA.^'s'-Ha* 

c*. La6*X.u&o>As 

KNb c -■>)>.. "».l ^ * e.V.LU S * L4-6 V-Mo, 

OR. Lcs *Od8'%i 

L4o\nl.. CO*. B-^C. R*N€ X*. * *• *Jbc.L«_ 

OB. ^xri *LW.C»X. *Uk. 

or « O. VSR ox s 

FiNAXJlY, Lb=L*B*L«c'*L«;,4*(lXxaoA-vC>.SS)O\*0.->>Q\ c )<c.)‘> 

OB. L* »2.0bS 


11 39 

-:- G'MLn- ' to i»O s R„ O; ATT L« AZS X M *Vi 

►r M * constant • BOB oi\.i x& *». ^,*0 • 
BOR lBS<-tEHoS ( CX. ? 5 CONSTANT ; 

KB t-ZloS, *5^ sRo T?*;, ^ 

FOB. ZS*>< L s 4ZS, sS r « So 5T 
E*£> La) \y AT 1* 4ZS 
Lb) nTv, 


La) For (Conner to V * LXt.°' L*Jn) 0 1 ' tO-AL 1 

to L= x.azs-- to»> Lvz^’ < §X' bz^'IonL' &ZS) 1 - 

or a**-z xo”v. 

fV0.V3- kSK * L^a). * 0*1 
to l»vais: L.^iei = F'z^^VL-i.'^XvbZb) 
= . oi& ^ ^ 

For ronner x*> •• at* * l •#[*£, * za ft l x*-Lx4.)J 
VJvA'iW X^-.lOW, ftOlSif. lO-^tlOw) 

OR (LfciZ.OIoOd'^' 

a % «z.ax.'s«- 

■ O * 

Lb) For rvjnner to : XT* = <i&B) o * ObLL-Lb) 

VJUERE ib XS THE T\v\E AT V|R\CM RE AE£>'WS 
TO ROM. 

to b-x&zs. q. 0 T&% -Lz.ouo^TiXx *Z-L%)s 

OR L.6--Z ■Wb 

.*. LLonnER % SXVSOCb START TO Ro*A 

2.SF) b BEFORE. D REACHES TRE EKvXAvXfcS. K>K.. 


11.41 


L»xas L*ibs L*4is 

W,B-o L^V- <to b'‘*v 

La) ?atrol car-. For ib^<.bsZL>S‘. fS p = L>J^a * (VLt-xb) 
to L--ZX.SV Zb^= ObLZU-X&^S 
oft ^s'i-xZS 

Kev> , X ? -- LvCa 4 tiVC^LL-xb) ‘ ta ? LL- x&f 
to L»lbX-. Lxr\ w = tL'i'ZS X»)LH.-X6) l = xoo m 
For Zbs< ti AZS-. x r . LXr)^* L^'b.Lb-Zx.) 
to L--4^-iX * XOOm A LZ^^X^z-zuls 

s besom LV\ l ‘0.‘oW^^ 

Lb) For Tvxt kxo-oRxst's car.. Xm *05<JS o * ld„t 
Kt L-4ZS, X M «.X r : bxx> w ■» »d n L41 s) 
on. kl„« xx.'toLB ^ 

_ V.TVX 

OR ^ . 4Z.S TT ^ 


xa) Wave.. ^ * a*.t L^),,* Xob^MSA^ 

to i--6sl ^ = \Vb ’“fi * xSe. 

tvxefx x^ft ^ » \*h ^ * a*,t&s) 

OR 0 A *Sbo's ! ^ 

(.b) Wave.. Xk.LXa^tL^Lv iaa. 1 LXa) 0 * xzo tt. 

XME S U n ) a L* tLUL 1 (^b)o : nSA - x 

to t> 6 S! Xa-- X B 

.•. xio LL * L\bA ^)Lb s)» iL'!* ^ s t 'KB‘»)\ Ubx^)^ v) 

* ^a^Lfes) 1 
OR (Lb 
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AT 


11.44 (aWEN’. At t-O i CAR A \S KT F>, CAR % \S 

KT CX; KT t.« AO S, CAR K M d j 
NT i* M S, CAR. y. xs KT V 
Fins •. coc\ a*. ans a ft <cu nn>> a<v are 

CONVIANtI 

CV»1 t. WREN CARS MEET 
1,0 “5% WHEN CARS MEET 

b « • MW km/1t i . m 63 km/h 


KT t*C> KT i.i R 

Let a K » a*« a 
Cal For t*o- X,. * w< 


Cal For t>-o: X N t^Vwfu‘ial l 

t * V x* «U*£, * OsSCt - lalt-Wf 

At t*iR, **"•'• TB * 4pA R Ol 
?> t>Ct«M'1S, ***** *5©*t ; 

so * ja.Ci»*<V‘- \aUiR‘'Vi«Y’ 

*iaUi*ilO LO 

E«<. LO •*> L<X* §• So THAT VS* T§{. tt* * iL*^ 

OR. i*Ol 

it>1 VjM»T|TuTlWt. \*JTo £a. O'* -. 'fe * i.O.L'sV' 

OR Ol« (Xk* Ol* * A 


_r£ 


cal WRMt. ^-- 0 ^^^ a i-i<v\. 1 C^.voe.^-So’ 1 ? 

(\t It «,o s-. iooo wi • CX=»t£Xaot>1 ♦ ^OkCAosI 1 

oft. Or*-&-Z.%o$' 

M*r. wu.- wsNf-n.s'S 

Kt 1* Us-. \otjowt Las'^XAisVioA^^Y' 

OR O* - C>.V>oAsC^tCtSM? ^ 
C\>^ VJvEK THE CARS ?ASS EHW OTHER 
Xa t Xs * IOCOW 

IrttK -- Clo^ti* ♦i("ax%»^'ftAR*(yis’s)im 

* iC0.30oAS'$.'XxA * 'OCOWI 
OR. o. OS© «. <^*>1^ - 2000 » O 

VjLVXNC... "L* 2.0 %IZ S AnT> A.* -t^oa s 

■Loo ■*> -UKtZo.fcs'^ 
CO vWie.. 0+X 

At 1* A.** '• *s^« its ^Mo.iooAS^'Xio.Btfs'i 

* 21.1% s 

OR. ^ 


.11.43 


J G.vt M ’ For t.io, a*, z^a 1 ; for tizs, 

CL* * 3.U m ls t ; CARS START FROM REST 
FiMt> ! 10.1 1 ANS X. WHEN Xa * X* 

Od 0^ A*4b 4% VJHEM Xa*X« 


10.1 For tio: Xa ■ 0?| 0 * 0<> o t o «- i^L 1 
11 Z. v. x* . ixtf° ♦ (,s^°t * 

When Xa*^- tub'll 1 * 

WJANSmJC* ANS StMRUPXlNCt... t. 1 - 'll •> S * O 

1 SoUiNa... t.vl.TA^S ANS A.tI.B'sAT S 

Movt rejsoxr£ t.->z:s :. L*ie>^s 

At LO.&savs: Xa‘- iUt^VlBSM s') 1 

aR Xa*Xa* <oi.T W\ • 
Osl For tlo: »^a ' irfflT* a Kt 
• At 1=i.bv\ s: *y fc - U t $-V.i.BVAi*,'1 

CsR l^A *. ■ 

For t 2 l s: o«, * C^ * O^CA.-x') 

&■ At L*t.B?a\s-. ^-.LVt^'KiB^M-i'is 

or kSC«2».1 s 


.(»A'0 


GwEn ~ At A***, Ja*o . • i«o \ FoR Llo. 

(Xa Comstaktt ; for ills <^=-^1.; 

VMSLN CARS MEET, A* E'lA Ft, <S^.»r a 

F>MTa -- Cal aA 

Ci - ) -L vjhcw x= ZHA Ft 

Cc.^ d 

(og).t » GO mi/h 


C.7J> 


For i 2o ’. Ja * C>V{1 * OaI 

Xa * CX^CrJ^Av Wt 1 - 

or it S v Xa = iXJI. H*VLt WrX'Uo^'« Se,^ 
Arr t * Xa * C&6 ^X^'»'1 * AAo Ft 

For O’* * (45R1 0 t aRCi-^ 0%*-ioA 

Xa • CXaI^ * C-Vat-SF) A Ct-Si 1 

AV.OME t>ll W«E*4 THE CAWS RASS EACH CSTHER 

At that Time C-Lsa'I, . 

* i3~a ■ ~ C&ft aV Cd CCaa“ M 

XA-ZSAFi- ISAFI* i^xtAft CCOMTlNOE'b') 


Cuven ; At t*o, V-.o, 

KT t'iA, Xa' 'ft l t, X»=0 
*5»‘-«0 •, KT -L*liR*OX 
Xa/a* loFt^ a^’-a, ' 

- COMSTAHT 

Fins '. Ca.1 Lr 

cbl a* ana a* 
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11.45 CONTINUED 

' r-'H 

oft 44t^--SAib,* *2.4^ *0 
C X>UVtNC. .. A-«* ” OiTAS S MsJb t^T.OOS 

(.a'l VJith *>s, z°>*> *\ * ia^xoos'i 1 

oft a K *VT_QOV- 

CbV From above t^-i.Oos < 

Note.'. Am acceptable wua<om caw not fee PoouS 
vC « VS (vsvjmBv that t**, 4 ^S. 
tC> VWe.. d* \* CXaS^ 

- rMVt. +Iaao ^(M^Utoos'k 

* tVt,*->2so'%‘X'ioo-ilV 

a*. d * °io<o VI ^ 


11.46 *+•£. rv 


1 I H ° 1 ^L- fasw-^ ** «*V, NT i*'S, 

JpP^ ftLOOftS VftSS EACH CSmeR 

at t.HA, X* = d; 
t **W» * ^-' VV; o*, 

A*£ cowstant xnS •*-■' 
Fins*. CO.*) Q*. An*> Cx^ 

CSV d 

to iS^ XT -L*\s 
^ vUve - **** 

*A When X*: (VW, vVO 

Thew.. OtUTVStcvU'VO 

0 o«. a^.n.Vo◄ 

NowJ.. x* • t*CV (vJw\t - ia-pX 1 
an*. x* ■ O^C - 0*S\,t *- l a »'t' 

Kt 1- | S, THE &LCCXN PAST £6CM OTUEft 

.’. OVa\ * t*V>, « d 
Kt i»V4s, vi.a 
Ta-js .. CTl'I, v CXk'v, * IX%\ 4 

oft ^n , iW‘Vit-n.%Ti^X\^ l l'- UaftOsV'l* i<v»c>.<'^ 

oft ft* * j. Aioo ^»- 

tWt At 1--1.AS, x^.d d*iaATOo^Xl.4%t 

©(ft d «20. V it 

to Wave.. ^•.lktV(l A t 
At 1>\v: J* » ITS * l-a»V«vX' sV 

©ft «5^ » 9, loA \ 





11.47 and 11.48 



G»>VE.M . tiUOCAS A AMT> % 
ANt> THE 1 >UUEy/ 

cxauE ststem 


G'VEm Ok » (o v? "*“ 

P'N») ' C 0 ^ »?* 

tO tf & 

VO Oqt, ^ 

(.0.V V)VSTvTnJT>nC» INTO ta OX - u S *'3*3''*, * O 

oft. 0 'b»2.'s t 

Lb") From the waoram.- -"A©* coms.to.nt 
"Them *• vj" fc * O 

;. »◄ 

tO Fftot-v the E>»(VcftXH\.. Xk* Me* constant 

Them vT„*■ iSj,» O ;. iS‘ t *-u'? 
Mcm »- >Ji./K * *dt - *St» 

-U*sHivV-6t 


\\.4& Given-. Act t*®, »O ; Q- fc » constant 1 > % 

when \ a%K\ * O. A yw , US - ^* A Vg 

Fins -. W Oa kmS Cftfc 

to tSf, XMS XT 1* 2. s 

(.a'l Ea». tx>; a* *• ^a*. * o x,Nt> a% vs ©onstnht 
xnS ‘Positive **> ^ vs odmstxnt ixivb 
NEOKTvvE 

A us©, Ea.o'i XKjs <-OO a * o -s (»t^ b *cx 

Them nT^ * * IClaIXa-CV^ 

VJhen 1£vXk>* Mm: tA^V" . XO* tO.Aw') 

oft 

Them., soe'stvtotvnc, imt© EvxtO— -2.o^«. A ia^*o 

or cx*= ^ ^ a ft .(o.o' ! v-i ^ 

tO Wxve .. i5b * L>S-C ) a -v d*t 
^T <^ ' vX*-**') 

oft 

t\us©„ Mft • FSOo 4 

At l»iv Hs-t M s\,' 

Oft (i.'OTTvl 


Fftow the orxe>ft»a Cmekt column V have .. 

V* * constant 
Tvem * 1 iJ N * o t 'V 


ao'VQs.o 


(.eomtinoe^ 














11.49 and 11.50 



1 1.50 CONTINUED 

iviio £<a. CZV. ZCi-b'SJiV-ia* *o 

|M. i 

OR 0.* = l. O ? I 

SowfoTcroTiNA. intvs €*. VA\ — C-VO's^» ZQ*.» O 

oft. g«_*o-^sM • 

Cbl VCavR .. <Jij * '.►5 I %) 0 > a*i 

M-isi *r*« l-co *0( fcv'v 

oft. • 

(\uv».. * <-MO. ‘Oa^t * 

At 1* 8s-. v^ % - - il-so sV" 

Oft. \N. t 


11.51 and 11.52 



From THE. blAGRAM.. 

Cable u ■» * constant Cable Z' M»-*iR. = CD, *sni>n 

Then.. 2»r^ikr B »o tO ~hrn- ,s^z»x c *o «\ 

an*> za.A*"ia*'C> u'l an*) a*aa<_-o C41 


w.4°> Given -. vT* • Z\ TL 1 
Fivib l Co.^ 

CV} 

CO tf*. 

C.«i^ <-5 ivb 

con Swjtitoting. into &a. CiV. ikS^-v-iizA^^o 

oft. ^.H-TS t ^ 

CO ^'JvrcavJTiNC. into ta. CVl.. C H l Mi')*l&'£> 

IN. . 

OR l£_* \i "5 I 

CO From the bioc.ft.Avi.. z^ K * m*. - Constant 
M|4Gn.. ZiSa'^S^ 0 

SoEWiTotiaiG PoR IT* .. l(- 1G 3L V*S^* 6 

IM, I 

OR. Idol'S* ^ 

Cdl Wave - *S*>.- * ^3“^ - iS^ 

or ^ 


U.-S0 Gwen : Cv5"c\, 5 0; Q-c ' CONSTANT 1 ^ AT -t-lis, 

•^A * I® "V* 

FiNb '. CcFl 0. fci ANb Q< 

Cb'i aT b ant> ta*-cy«\l at C*8s 
(al Eas CT1 ana rn ANA 0JcV° *» C'Vla *C*SmX*° 

^LV> ( EdS. CA') AN*) CZ^ ANb a t IS CONSTANT ANb 

"Positive *•» (X* is constant Awb negative 

(Xa is CONSTANT ANb "POSITIVE 

Ihcn.. >s k . CiSci:^ tXAt 

h tMiv. \e> '■£ * a*, cas 1 } or & K *v.*=>^i*^ 

^CONTinoEb’S 



Given "• Collars A. ana % ans the 

PoujEX / CABLE. ST STENT 
SHolNN 


1+ From the diagram.. 

_ Z-Ha * M» * C^-^aV constant 

(HEN.. iSikiliTt'O C»"S 

ans (Xa* zo^ • o as 


M.*s\ Given 1 . Wa) 0 -o ", Sa * constant t• at 1*8s, 

I^Wa' * z + ^ 

Fins : loO tt* RNb g* 

cw^ a* ans cy fc '>, at C« U s 

ca') Ea. crt ans 1*Sa\,*o ■*» (W*b» 

Also, Eg*, ex') ANb Qa '*» constant ANb negative 

>£> O.* IS CONSTANT ANb POSITIVE 
Then- # k » C*S^ v ^ * IUWRa* 8*1 

Mo'n- *Js/a * J*- *Ja * Ca*-aA'yt 
From Ea. ill.. a*.-iaA so -that >5^* - I^aI 
At -L* 8 s: za - *1.CXa C6»b') 

or a^- 2 "t*t 

AA.b THEN-- ttA«-it-Z l ^t') OR &*» l J ^ 
(.b^ KtG»v,s: *y« * Ci 

Q OR 9*« Co '"s I 

Noin- Mb * C^*\,T U*K\i -ia*! 1 

At m»- 1v 1*\. ’ t.0 s*-XgsN 1 

or *'&'*»■♦ ^ 
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l OcmiNOEb') 














11.52 CONTINUED 


11.54 CONTINUED 


Given ’• - IZ te I 

Fin)S '. 1<A^ 

tv.'t ^ 

CC> kTq a 

CO.'l SuSSTiTUTinA. INTTO kT*-* 

OR. i^ K «t ^ 

CV>^ From the Oincaam .. Z-mn - * >-tc. =■ constant 
'hen .. Z>Jn * kS c * ° 
SuRSTiTOTinC* •• Z. (.- 2.A '■^’* »3c. * ^ 

or tf c -AS s' I -* 

CC^ V\kv€. -• ^- >5^ 

OR k^-SUT; I ◄ 


11 ■ ‘- jA Given •• frr % \ * \So "tT • Oke.* CONSTANT ^ when 

C'Aiy'l^ ' 240 w\nr\—» ( kS K * 1.0^ 

FyvjS-. (.OX tt. K NN*> CX % 

Qt» 

CO ^e. nnO *»- <XO„ NT V-As 

lO-'lFiST CfiSE.<NE THAT |C RUXX Av Moves TO THE 
R'Rht, (Ss - ® - anS ECi. O') =*> ~. Then osinc* 

&a. C'> nt t*o.. Zlx&o ,a S'')-SiNN\,iO 

OR (|Sn>„ * VOO 'T 

AjlSO, Ed, l.’Z.') NNT 0»x CONSTANT ^ O^- CONSTANT 

Them .. • luS^ » 2.0*1 V* <-*nU 

VJhUN V Ok) * 2-AO YtvfA*. CUs^S oc*o'T^ la^Wo** 

OR 0**“ TS ^ 

OR 

Them SoESmTOTinC* into £>i IZS_. 

zOs-H-^^o 

cR CX ft »-Zo' C s? 0.%»Zo.O “s*- - ® - 

tb - ) From the solution to Tro^lemi l\.&"b— 
aS^t *3* « O 
Then.. a»Togs*o 
SjEATctoTine. - 

OR O.t^VSVb’r? - * 

c.o Hnve ~ nJw a*t 

fSX 1= AS’- *3^. \EC> tT* C-Zi*.OL'KAS') 

OR iJa.ICl.aT^" ^ 

Kl^ - ms * i V>® * F&U- *• z a '>t l 

kr t* AS’. XasV ttzoo^^As')*’ 

OR as-tdN\>' A40wrf '“""^ 


From the Diagram .. *»♦ (i^- »*V ZV = constant 

Then.. O'* 

a,n>> taa-ia*.© WJ 


\_F^1 Gin/En : a5^ = SOO^/S—*■ 

Fino ’- '.a') ^ 

kJ- c 

CO 

CcA ^N 

(CX^ SoRSTiTUTinS, INTO Eli. l*V. 2ASOC) 's e >- 'iS*; O 

OR v5*. ZOo'T'— ◄ 

£b') From the OiAfcJRAw. X* *• lx* - XtV constant 
' HEN — 2 *3® - •Sc. ’ Ci 

SoSSTit>JTiNCk -. 21,TOO T - c3£ » O 

OR. ►S c _ = loOO , ^“- ^ 
(c) From THE Ov^ram- (*<.-VV ^s-x K V Convtnnt* 
'hen— Jc-Z lSfL * iS^ - O 

•boRSTiTOTiNE.-. bdO^-ZUCSO^V^*^ 

OR fSfc.ZOo'^®—◄ 

Cdl Unve.. 

- loOO ^ - ZOo S 

OR 0^= Aoo A 

■* ftLVO HNVE .. tONSTNNT 

Then — * iSfy * O C3^ 

^CONfTlNOtb^ 


Given’. Blocks R, b, nnsC nut. 

THE VOU-EX/CARLE 


shown 


From the oineram.. 

Svy, T Am* * Xc^^N^anT 
Fhen-- i^vAiS,,* iSc.-* Ci O') 

nnh "sa K * Aa^v q«.' o u'l 


(.CONTlNOEb') 
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11.55 and 11.56 CONTINUED 


U.ss Q,wem : *&, * to ' S T? J ^ * so ""Ct • 

CL*. = CONSTANT , AT t-» "5.S, 

Xt * t\Oc, * ^>1 *aw\ —» 

FihJb; taT CiJl'Io 

(,v») a K nne Q<_ 

tO ilk, - t*ft1,, KT 1 1 ^ S 
(cO SuEVTITOTinE into Ea, 0> NT 1 * Ch¬ 
it-So' 3 *?') •*■ 4Uo'*?')»lJL\ > .0 

oa. 0JL\*'O ,5 ^ j - 

CW) UftVE .. *«. . L t.$.V\T tttct L 

to 1= i v. si tww\ » t»«» sXisV to^tss^ 

ON Q^_. U TJ ^ 

NOyJ i. lT* * CONSTANT '*> Ol^ * O 
Them .. S-jESTIToTiNC* into EO- tt^- 

oft 0^» Z t 

lO VtftVE - ^(N ■* (■Miv'l. + Wft\,l* t^t 1 

to 1* •» s: Wn'Io * C-^>’ B vY^ *V 4 .V 2 s') 1 

c* <y»,\o * ns VYwn t ^ 


Gwen -- - C.ONSTNNT, 

(Ok,'!- ts »$ — •, nt -Uts, 

PiNb t to.') g*. nmt> Q-s 

(*1 tiSA, NWS tlSc'l. 

tO Ik-IM. NT ^.*SS 

to.'I Eq. ClT Mb a*,« constant nnE 

0*.= CONSTNNT ^» 0-e, * CONETftVn 

Then- ►% * a*,t 

At -L* 2. v 4-6o ^E? «■ a* tt 

o«. g fc * tAo *s£ J 

iOV*VTTvjrTlN<i. INTO Eli. U-V. 

ZiQn-*- 41140*9^4 t1*>' £ S? VO 

Oft ◄ 

tEl hnve.. &i • t»o 0 - a c t 
to i*zv z&o’ tT * t»JO.» + tTS.’ a S‘Xz.s'b 

oft ISo's*' - *”^ 

Then, so&t>tvt\jtine. into Ea. tv') nt •L-o.. 
■V^o-*- Alo'l-v (iSo'^'HO 

eft t^V 4«Tt ^ 

tO Hnve- fg_« tV) a * I^It tou.1 1 

to T« 3 s: V- tN.'io* tvvs^XssV itoSs*Mis\ 

Oft *c - U^ 0 ‘ ~l Z8 mm — 


11.57 and 11.58 CONTINUED 




— ffccM THE EiA&ftftVL. 

i. -Mn + CMc-'1nV 2- v V 

♦ t'V.-H8^05NV7N»T 

Then- 

^ -W k -N 8 v ^'° ON 

NnE 

-za^-a^Tft^Vt^o tiN 



W^T Gwen '. t^ ■ o, tg„ ) * 1 '^v * ; 1^= e. '■%' t, 

g^« con'stnntI;nt t= it>, ioiN.t 

Tnti '. tO tt & nn>» g,i. 

tO t. VJHEN sTt.sO 

tEN VJV>t*4 (J^tO 

lO Hme -. 'i* » 4 ini,N 0 t *■ i a *V*‘ 

At t*is: -to in. • Ictktt^ 1 

o«. gi* •■ t '-^. t ^ 
Then.. <.uftSTiT-jfTiN&. into Ea. 12 .V 

-tl^'-iVt-t ^VAOc«o 

oft Oc. •*• "b | 

(El SoV>TlTOTlWC> INTO &S (O iVT i. m O.. 

-iloV(-6^VUAV° oft 0^.V-2 

M<>VJ.. tSc_ a l»3c\ 4 Qtt 

When /Oe*o- Oa fs'st)! 

Oft \. x 4 E 1'CXW.TE 

tO t-Uve _ 'tc ' li^o' ('Ti.'io't* i.o^.1 1 

At la^,s: 't t -t'ft\,--t-2 , ^Yi s Vi^’iSXb^ 

oft i(t-IjtV.’iN.f 


jt'Sfe GiuEn : IkSk^'O , 9 k« t', 

0-8 = CONVTNNT I ; WHEN ilft -ty«1.*iZ.I».l, 
^8 *■ 8 '•%’ 

Fin 8 -. ta'i at 

t E^ C,\S.1ANtE TftftVEL.EE Tsy C W t*li 
tal HftVE .. ^ * 2CUO*- tsO.\ 

VJlIftN ift-tHft'to* ^2- IN. ! t& V - » td8 tEt inT 

Oft Quk * I 1 >T 

iHEN, ioEETlTOTlNE INTO Eu ti-t- 

$Y tl AOkaO 

oft 

t.E'l ^oWSTlTOTlNC. INTO Eli. (_T ftT ‘t'-O- 

- ttov (o')* 4(^\, *Ci Oft 0O 0 ‘0 

Nio'N- 6^* °k.* tt'-EtM 

to i.*o, iS^ = o: ^-d»\ ’ £* t'-ueY)t 

Cft rjj.* ^(■E-tt.'') 

Trtos, Oi_«o nt oft ^.to, 

IrtE'ftEEOftt, aLOCft C I NIT INLET MOVES EOWNVJNftS 
CkA.SO') ftNE THEN MOVES oPMNVO> EV t «.OV 
Now- 

At 1-o ( v^V- CcL d ^ < - 5 ^ 

Oft -tMa\ - i tO- t ) 

At 4s s 'Ic-l'ftV 4U4') 1 - t4T] - w. 

M t'lb: Tc-t'1c') 0 »feUS')''-tE v ) A 'i*-') in. 

.'.Total exstjohls. TftftvELEJs « t%zVl -t ) '■ e 5iu" 4 - 

- 9.ot> in. 
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11.60 CONTINUED 


Them- ■=. £.to«.- aoC 

At t» is, ^ K *- -iSo** 1 . -zfeowiwi « iltt<.-aOCZ 
or a t * a*,- vto l s') 
Soestitotinw. into £a. tty. za*. »lq»* (.a^-wal *0 

oe a* » il'Ao-ia.M twl 

Now.. o^t j fc * tiSclf-* a^Y 

■"• >SfciK * ^Sa- •S'v » ta®- oMT 
Auso.. « ^>0 0 -v * t °-*l L 

VJrsn -s’®,*. * SC.^< •. Bo* (.a*.ault CO 

iv^ K . v®o «*«*4: \Uo - 

tx x^ t 3ZO n\rr\\ ‘ Z>ZO * ^0.^1 
THEN \VoO- lAOfc-aOt 1 

OwnC. to. CT>~ 3>Z£>* (.Scat OR. \.= AS 

Them UoC>* 1 a*. (.A')' - or a^Zo^l 

ana SAO- OR a^'Ao^li 

Note that Ca. tjM \s hot oseV, tvvj>, the. 

<pa.oe.teM >«> caier ^£te%m\n6.V 

AlTRSTHATxvE iC.WT.ON-- „ 

W*.ME .. .S^ -- * t a^VTv- <-Vl a ~\ ■'■>&,ft2a t ,\Y%- tH»\ 

Then. vS»j n x £»- ^ . \ I m»U ~ ^ Z <V l T«.- 

When (Sb, k -- ao'sH: feO^s fi\ 40wt>wo 

Oft. ZO ’ ^2 t-fSo® - tTocO t-W 

Socv>UC, to?!, to ANA tM Y'EtSS ftwt 5^. 

CM '>jft-STlTuTlHa INTO EvS. t ST- 

Ow = TO- \ AO » - \Zo ^ 

AN*. INTO £a. tA\.. -(Zo'^V (Ao^sTV 2-dft »o 

OB. Oo » 

Now- * «*& Oct 

VJmiN Z£_-.-Wo ^ < -Uoo'^t' * t-'Zo' C sH')t 

o ° a - *• ^ * 

AtiO- Hb r C^bY, * * T-a^.i 1 

^ 1‘ A S - - tHfc^ * Z-t^o s') 1, 

OB 


CxwEN i Wks A, C, an* 0, 

COI.CAA B, AN*. THE 
POU-Ey/ CAEVE SYSTEM 
SHOWN 


From the 
CaalE i ; 

2 ^A * Z-Tfe -‘-'Ic . 1 CONSTANT 

Then 


Zd^T-Zd®*^. »o (il 
za A ftZa ft ’0 < .*o u.'i 
MO -UMb-^V Constant 

»S^ - »y®ft 2*% - O 

a*-a® *20**0 to 


U^S CuvEN i At -t-o ( All kcueierations 

Constant : out. = Wo ^ t, 

ft** no %T 

FinR. -. taS <^_ AT i « ^ s 

FW\ y b - las'). AT -t * ^S 
lal Wvt- <Xq % * etc-Q.* . -Wo OR 0 ^» a«.*-WO 
Awr> °^)k z Oli.'Oa*"^ oR - o^»at>-no 
S.o%STitoTiNC> into E.OS tV) AMS tA'i.. 
CattY. ztaA-uo'i*-zca e ..woi-»a t ftO 

OR •> ) Q t -vza fc - too isi 
£a.tA'»'. -ia*-Mo'i-tOk.ftWcA + za^»o 

or. - a<. -i Ou, • - so tw'i 

t.0UViNCk E.a.S. ts'l Aim's tM. 1 ) FOR. Or. ANS Rs_ 

Or - 4-0 as^-'G^ 

KloW- ^c. « ttfc'C' 3 * O-c.1^^ 

At t=<is\ tAo ,,: t^'>l-bs^ 

CR HO S I ^ 

CM Haye... >is <■ tMs1 0 T 
At s-. rI-wp^M^V" 

C.R -UbV ' iS w, ' Vl 1 ^ 


^«»T, ft (.AREA ONEER 0.-1 

CoRVE. TRON 1, to 1 l \ 

-Lft0S:4k.ft-l- StO.TS^ 

* - B o'S 

i= 'ts >F lX x -BO*AU'>= O 
t*vBv *&aC>‘ wtW\ 


ll-BO <qiy£n ' At t^o, J.O, 

ALL ACCEUERATIONS CONSTANT -, AT i- l 

^C| K - 200 Tfimt t when iS^ n » Boats' l, 

Ma -(.MaW = 'wo m«i J t i^-(^ o . S2o ftftftr, t 
Oft* IO ^ 

Fin's : to.1 anS Qa 

tM tlfc-CMb). WHEN ! S t »WOo‘i t 
ta') vAaye- ^a * tHA\,*t*^.\ ♦ 1 “a1 l 
AN’S Mt » CmOo ■* ( * s cO- v i a c 

tc.c*n\uoE.'s') 



tllVENI Q.- t CORYF FOR 
THE STRACHT WinE 

MOTION OF A 


*>*!'*) 


® PARTIC.CE ' AT -1=0, 

t=0, 

> Constrvxt : to.) kT-1 anW 


IS 

to a - t toRVES 

Fc*. CM s \&S 
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11.63 and 11.64 CONTINUED 


FimO - . CV>) TOTKL O'STANCE TRAVEL EX ATT 'i«'S3S 

C.O t vmaen H’O 

Cte>'l From t'-O TO I'US: Svxtn-**. tRAvElES’410-1.-SAC. - ) 

= c l'oO It 

t»ll S TO t* SO-i 1 SOW*Ct TSVv\£lEN vtol 

* 4HSVt 

.'. TOTAL t>\S7ANCE. TRAVEL©* ’ C < ’'«»0‘4lZ.S')Vl.« rSSl.sW 

* \^az. vt ^ 

CO Os'NC. SiwucaR TRk ancles. . 

'ierwe.en o ans >Qs-. Ct K «oVO \o 

* *=>4o 1 COO 

<*■ M ;C>i ^ 

towOM 4CS ans SOS - . (,t»,«oV-4C t A- 

n.s * z»o 

or Ct*^' 44.*s x 


11.61 and 11.62 CONTINUED 


«T t» 'Is - . X a « -40- fc.lAlC&'W-St.vr 

t*i&s - . ^cwkv»V-szw\ 


U.^l F'MO •• CO X, aJ, ANX TOTAL T>'STAA«. 

ast -t»ie> s ' 

C.O RtASiNC. FROM THE. OjAVE-S.. X. l6 = «>2'(v\ ^ 

◄ 

From "Cto to "V.® vis - . ovstance. traveles » *XWm 

t»HS TO -L* tfcSt fc>VJAUCE TRANELE.X* Sl-t-SUl 

- lOfc YW1 

.*. TOTAL O'STANCE TRAVEUEX i C^'°T'Oli'>w 

s Uo 4 W 


Finv . CO s5~ Mm 
CO XwA 

CO *Ceo.s«Md from the. (j-t corve- 8^ 

lO £.EAO'NC- FROM THE X-t CoRVE •• 


FlMft • C4>V 

CO t VJHEN x* 100 Vt 

CO ReNMNC FROM TUT. LOAN 6. „ * 410 Vt 

CO Setvieen >os and t z.s„ 

voo VC. * 410 VC- (area on** >£t lorve r-«oM i, to UsWt. 

OR. '00*4lo-iUi-VKA> p^_ 

OR lU-t.X'S,') .C40 ^ Vt 

Ossie, SlM'LAR TRIAWoLEX.. S 

CO - a \ 'OS Cj 22S 

Then.. Ul- t, 'll s cu-vrt > c4o 

CR Ci'lO.vAS anS V.,* svs s 

WANE \OS *‘C,<- ils *> -C^VOsft S 

Betvjeen 1L> S AMS 41 S 

OvsjO. SINVCAA TR.IA.mG.LE.S-- 

seosw 4l-t, \s 


iooVI 


c*. \. t '40S 


11.65 


€><v/en - - At \.=0, t$- loo X« U30*« 

FOR L,OOW\S Xi Se > (oWA ) 

OL* constant ; For 

S6tsw<- Xi 30WV, nT.Sd F 
VJWE.N X*-0, ATeO 
V'NlS '. iw 'C-TSTAL 
c^ ftlAKTlAL 


(Vssosnt S£tv»N StCEViRAT.oN 'S 
constant Klso, note, that 

ss,sss°$ So^f. \s.ft8a 


C-.ME.N - tJ-C. CsJttME FOR TAE 

^VRMRvTr LINE. MOTVON OF 
A. VAST'CLS.; AT 1*0, 
V-SVO V\. 

Consweoc-T •. COLV a-\ amS v\ 
cottves FCR 
Cx-tc^OS 

41 48 


Ca'i (X* score of *y-t coRve at t»me i 
Frcjm -tso to •l-ios; aJiconstant *o a*C 
t'los Tol«U.S'. 

t = 2.CS To -C* 41 S'. CONSTANT »S Ol' O 
l»4\s to C=4ios- a- ~zi. C - 4 ^ » i^si 
. t’4VS - (J-CONSTAm R> Oi'-O 


10 

1C 

3 n so 

-s 


41 4C 


*•!.' X, ♦ CWRSA OMTCR. OVt CORVE FROM-C, TO It'; 

AT C- \0 s: X la - - S40 V 'otVaol - loO Ct 

Next f>nS mme at vjurm at*o Osinc. s>mi\lar 

TNANCJL4ES.. Uo-iO IC-'O j. 

-UO— * ~ fe,6 °* • zz s 

AT tills - - Xtl : W' ik'T'lC'-a'l 5 410 U 
t • 1C s - . Xu. . 410 - t C4 Hlol . I&O VC 
t • 41 s'. Xa». s«,o -'SCioV * do Vt 
t»4Csv I 6o-sC va ^ 5 ') ■ n.sV\ 

1 1 SOS - X.SO' n.S- 4C-sl.-2.EVV 
^iVt I /"T'ii'yvj. 


CCONTlNOEb') 
















11.65 CONTINUED 


11.67 CONTINUED 


(.o.'l tlkvi-GX • AREA. UNDER «S-\. OjRVE PoA i'Vtw Twit 
_ INJTtRVM- i l^fi, v 

\HRN-. ^^'ftlo-'oClO^'iW »-A-» - Z ' S 

w i, * 0.4OSZ s 

ISo-‘bfiA.Ivft , 

or \. x * 4<x O'bA'* X 

Co-xo'iw '-ict>'Kvy&&e^ 

OR l s 'VVOl^i 

•*• ^Tomsx. * (0.4o>1Z V ro. olMo V n , -«.oV>X 

ca Itot^' 44.6 s ■< 

OA Have., 

t-waea- i^ss.xssV^ 

~ O.AoxZ s 

' TO'S.'i ^ 

°* QL.-.T,f ◄ 


^ 1 GiVEN : ^T ■t'iOS, X.* A w\; do’' , s' i 

Q-mim. * toO ; t-nuMT * 1^ 
*V,NT * CONSTANT 

F'NV . CkJ MMk ') IAIN 


FtRm note thm teo "^X 10 s> l *• ‘looiw'ft, so 

TOM THE SPEED OP THE PAL.LZT NTOsT E.E 
INCREASED. Since i^T pk , mt ■>. conwwi ( it POllowS 


Cal vms C'o'l The kJ-I curve is phlst savvm vs 

SHOWN. iHEN- r Vb» 

<% r r> ^i tti u • -sSS, • -£f m 

V K VT lx „ „ . T So* 


s ** 

' s 

/y 

eo 

s\ 

0 

“* i 
i 


3 i 

PAINT 

* *5V 


•W •’gn**> ^-zasb^ 

-.ttss'*? t, »ss 


11.67 


••• ^ 


GivEN ’. S , 

C^\ £CI ‘ V>s ; 

^RiCx*4T ^ '"S 1 

Qr«FT m ~ 2.® ^ 
Finij: la.1 tcscut 

CONSTRUCT CV> (J-t. VMb 
VT CORVES 


k v-> t d 


aurs z_o '“■ 

■p\.p.s 


Tw 'JpMWT * *Tj-ini AND THEN 1, S *=» S. Frc*v\ 
the iiSA Curve t A,*Ki s 4000 w>vh 

AND IT IS SEEN THAT l^v|«w.Vli» OCJLoRS WHEN 
CX, (, - ^ ^ is MRVMUM. Thus 

(j^MA* - fio'l ' C v‘ , •Cit*' 

OR 1, = t»T > v.to-6o'>/'oO 

and V Uo-l.Yvwy 

SjAVTiTUTiNG. COR •L, .. 

<5?^ g e \j^a»v c»- *= i ^r )*u -- *«» 

Simplipving. — *Tm»s» - LSus*s mkx t 4BL» 4oo - o 

Solving... * ioT T and 


\ / Now.. (\, i loO >M. 

W-so OR IAm 

Id i- »U- -J td OR 4-,» 1 S 

VMS Kj^lloCl iw. 

OR l UV'I- '•^(1° ‘ to » 

OR -t t . IO.SS 

Now.. "tcXCLE ‘ T 1 . • - tcTUE ‘ ^ 

Uvvfi.. Xu = A\ * ^AEEA ONSER v5-T coRVE PROM U TO 

X,IU. 1^0 )VT V 2. V ill')'.'*-’) >11 III. 

/T\ 1' S V x*’ a* 

yf ! \ * 4e> in. 

/\ ! \ ns t»-i%'v,.wotH. 

/ ! ' ;\zi.s t.8.^v\^-iC'yKv* 

a/ • | \\ ^ TW 

y\ I ! i; \ t*<w'vnsHas'Hso'* 

l ^ \ B.s\ io.s^- s ’ Zl < * , **- 

* t'VO.SS X^.o 



G iven ■■ Nl-L‘0, >J» 4 ©t:,\* o; when 

O' - io ; at ^.» T.S M'N, X 1 ^ in; constant 
DECELERATIONS 

Fins : Cce'I T when X= 1.S wiv 
Clbl aT when V.I "b mi 
CCl ^PlNAL 


The tTi. curve is c>rst drawn as shown. 

•*.¥f I 


! Vs-Si 

0- X. TS t ' w> ‘ 

(.Oi Have .. A,= 2 ^ wu . , 

CR C'L) *■ SOMW ' Ml 

OR L, * *s MIN 

CS 1 ) Wave.. A, « Ci.^> mi . 

OR O-S-S'lMW* (, Z - S £~’■'l H *■ dsiW ^-^>SM 

or. A M 

CO Have a^ IKUVL » a,i 

. (A-ZO 1 ! H \ Vi»«* ^ v K 

CT.S-S>M>V|' Tn\ ' loOS ‘sSOOS 

«»■ OkwAL'- -O-XSidA^ ^ 
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11.69 

p — # «• v a. ^*)vv . v _ rfr 


Va'VEN*. CnW» Irc®' 00 v, , n ° tV ; 


V^A* *° T ■t-AS * fil M '«. » 

V CX\ = CONSTANT (OT-lSWvoi fts MUCH 


AS VosfcvSUE 


Pino ’• a 

A,_ 

Vi 

■CMfc 


Tut (J-t COivE IS FHIST SRAWN As SHOWN, WHC»E 
THE. MAGftiTUSES OF THE SUOFES CAFCEl-ERftTlONSl OF 
THE THREE incomes uMtS /S«E RiioAC 

at.^T h—t -1 * ^b-lh i h 1 *. 


Note - - 

6 min ic>s* it'’ 
AT 1,, x« & Wv 
|i>, X* VA Vm 


t. ^ t.v 

^EMOTING. THE MACNvTOSE OP THE ACCEXEftftT IONS 

fey a, have.. 

i'OCi io TO 

cxtt^ a«*r w <x--*i 

where a vs in **"7h 1 ans the times are in V>. 

New.. K v - fifem: ti,')(joo^- loo')- T(l^xcjj«& 

ioSSTaOTiNT* .. tool, - lA TcX'Oo') - ^TK Y’ io> > * ®> 
or i,» 0 . 06 •*• “^tr 

a,ev».. k,-.4W. 

VjESTnvJTiHO .. (.C^.-li'H'IO') - il TE Yto^ *A 

+ ’O'* ss 

°ft * I2.UO ~ 3t 

ihem C>.o6p -g: » - V 

Oft CL* *31 29* ^EJy* ^’SUOOS^ 

OR 0.*V c H. S $- ^ 


11.70 


The <x- 1 ANb tf-1 corves are first srawn as 
SHOWN. 


(.xl Have - * at„ + A, 

°* »a?=<- x S>(i,slCT- l ')“ 

OR l,*O.VoS 

It") Wave.. t ^**^,*^e 
^ - 1.6?Hi vow'ftml 1 ?’ 

CR iJ lA .0.10s-^ 



t.A t 

Ky 

aI 



1 1.70 CONTINUED 

Mow.. R,h « kt, , WHERE (V.^ vs MOST eaves 
SF-TERS'iNES OSvNCi. iMTEC,«AT«Wfo. ThO... 

FOR Oilil ! d* ^£^^l-«. * ^5 1 -« 

Nov.. &*a.^?l-a~ 
k\ 1-0, IT*Us- 

Oft >J * to ■* ^l l -VZ.l 

Wave.. at. to-tilA^l 1 
Then.. * i 0 'd*. » \ CV®-v*.l v *,l- l )cJl 


Also.. 

Then- 


11.71 


=. I <ol- UlS \ l' } 0 =• 2 .CWvv, 

R* - tv.A-O.I.M,' 06 th 

X,., - U OA * 0.6}th OR X, a »Z.Wth ^ 


| Gwen- iJ^ » A^> 'V ; at i*o, «o. a^-o , 

FOR Oili l MiM, |J 6 *0; 

FOR. \->Z MiN a*,* CONST OnTU. 

then a. fc *o; at Imxmui, 

K ft - X-, =6.6 wi 

Pins ; wxl 1 ans x when X a *x-t 

Os') a* 


PlftST NOTE .. UU& 

to.'v KssuminG. THAT the feOS REACHES VsO' 1 ^ t*«T 
Twit 1, 'l BEFORE VT TRVSES the TWJQS IKT 

T'Nit tj.'l, THE aT-1 anS X-l corves can then 
RE SRAWN AS SHOWN 

•*.§_ l 

88- -jy -1- 

/ 1 I yTRoCK. 



GivgN! ij 0 = u' ! s ; For Oilit, ftw.1; 
for 1,*H l.As CU-L^ ; 
AT 1*0 Ctfll.*; AT 1*1. 

aA-1^, a*i*i 

Pins I CC0> 1, 

C.W) O' ANSX AT 1*1.AS 


t, 1* nzo 

ROS |Q 8 *rvi 


- 1 - 1 - 1 -* s 

1*0 X, R v TRO U ' 

An 1 * 1 X 0 S t'Z Min! : A^-X, * 0.6 wi 

eft litl,-«oWt&a^>iTici-l,')s»t6&^VA'vto 
= 0.6 VK\I » rnT 
eft. 1 ,* VAA S 

St . U. a 

OR t( VAA - \Xo")s = (B 6 ^ > a,.- VAA'lS* iS'e.'l') • tl t sVHS 
Oft li^'sZBS 

Then 1 x >1, R> assoniftion correct 

,‘. l z . Gift S Oft I^&mwA&v 

Kt 1*1 v : XE*XTt^Zfi>S^^^ < ,u^')-^A Watl 

(.vSVu -0 Oft X t = UleO Ml "< 

tw Wave ..0** 

- &a*Vs 

LtAA - viols 

OR (S. :SU1^ 


(.Continuer') 
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(.CO F,rvi NCfre .. 2.0 "h * JAlYi ^ vs'SSi * 22.^ 

ThE »T-L coavft FOR THE TWd CAO-S ARE THEM 
ORAVJN AS SAOVJN. 


h (AREAV « Cfc.RE>\ * 200 ft 

OR fRS sX lc ^V j 5^ ^ , us sXlZ ^ v 200 IV 

OA l*k\ S ' ***** * u 

Them a** O^aiL , l,^ 0 . UVSSS- 2SVVb~ )? 


21 SSS 


CL^ FUve 


11.73 


- ' - 

08. O* = -0. \2»i\^ 

*W *V»^Uv*ss*iO$. 

a l.SSS § 

OR u^.i.CXoO^ 


f iRST Molt.. 1L> NSf ' Vo ^ 21 'l? * I S ’S 

Novj Ksvjwe. thkt >T a ymhevj x*. i '•■e, , THE 

J- V corves for the thio cars are. them 


SRAV/M AS SHoWM. 


M r, „ '-IfU-gfV 

^ ^ t, n.s->o^s 

or - O. oM x* ■*• -El — 

OR 1, • SH. SZ4- S 

Art I- 1 !, Xd.'-Xa’. {AREAVr = (AREAVid 

OR (^.SiA sUnr ^ --(.V».Sl4 sXvS\)*< 

OR cj: "U A Vw 


Gk'NEH ■ 

Hi 1*10, d l 

zoo S.1 ; 

■20^, 



; AT 1* AS s, 

Vipi-'s 


For 1 so ( « CoUSTAKT 



CaS ou. 




LW> •J'a/a 

AT t* AS S 




- \e % t u. e *vj ■ 

A1 t* IS, rsj,» 20?t 
Fins : t ihwEn the &all 

AMS • TAE. ELEVATOR 


h* »T-1 COWES OF TAE SAu. AMS TAE ELEVKTOR 

are. first s rahim as sa<*m*». Note that the 
ItUVTlM. SLOPE. of TAE COSnE for the elevator 
\S \.2 ^1- , WHILE the slope or TAE. corve for 

THF fSHLL VS 


Vue time "V, is tae time whem lT £ reaches 

T.E %. IHOS. . sJg. ■= (vj^ 0- '’ °-t t 

or i.a^*cv.z or t,«i«.ss 
The time 1 toP \s the time at which the 
EAlL reaches the top OF ITS -TRA^ECTCjSX 
Thos-- <5% * (vJ^X - oft.-Vi 

OR O = 20 ^ - (A e>\ t C l X'V.-n»» “ill 

or V.-ro? * 4.oien s 

OvnE the COORS'UME ST stem LrtOWM, HAVE.. 

M l Otitl,! i t s-vzw 

I‘S*\. Kt 1*W: i % -- it4.oi8,>2Y>*Uo^ 

°—Vs ‘ * zo. sen wv 

ANS ^-.-Vtwn tO-l^XA.os&TsV 

q a -2.2V1 w\ 

I\t X -L 1*2(4 Oiai-iXs*S.OH4s , 

AJAT' AT 1*1, , i -Mw‘ 

.’. The sall hvts the elevator <.^*>■1*') vjheh 

Itop *■ V. * v.,. 

FoR I'itiopV Hs * 20, ^81 wv-V i'VV.V.-VTor'V''^ m 
Them.. wHEtsv „ 

2o. veri at - io. av ^Xi- F.oaenf 

a — \2 KV\T L.C FZ s 1 ^ (.V. s^ 

OR S. SoS V 1 - 1H. Wf»lA •■ 4T. ^ * o 
SolVIMO... "L *v. SIS S ANls t*s.uls 
Fiow.. ■LiopSt.Fl, ’O 1--S.W1S ”^1 
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11.76 CONTINUED 


; at t*o, 

<A k \. * - ifco i*.fcV 9; at t* s s, 

* loo VV.; poa is™ 

Oft -. CONSTANT ; FOR. iT ft * too If , 

0.(1 *0 

K%u WHEN kT^ * toO 


CORVES OF THE TWO CARS ARE AS SHOWN- 


Hr\ 1* ’ 

sr (\ inters the sheets rone 
CAR ft> ENTERS the SPEED EONE 

car t\ it£jcne» ns final speed 


t' tt&u ’• CAR lb BEACHES ns CiNAL SPEED 

uvi Have.. a*. **0»«j* 

i¥ W^-Sfc.sql^ 

OR - \to?T' -q;-- 

OR 1*, * Oft\L eft s 
ftuso.. uo W_ « Clb\ (,>0, 
oR toFV" OR (i«\ * 0 .ftcft eft s 

AND Q_ » l^O.» 

OR UVOUT-toU^ 

5,1 ‘ l«».\.0-ftcftc#>1s 

OR tl*V 1 2. tS sn s 

CaH % WILL COINTlNOE TO OVERTAX*. CAR A. 
WHILE kT^ 1 U£«£FORE, ( *A|®^mih yJU -'- 

OCCOR VSIURM kS^, - kS^ , WH'CM OCCoRS f*R 

<-W\ *• t M(M «- <A*\ 

For this time interval.. 

_ »V* 44 ^ * ot* (A - (.U'J.’i 

' - • KT t ■* mim i : ** 

44 % = ^vi“ to y)(A. Mt*a “ aftoftcAH 
OR t M ,N ~ 2 ooft oft s 

Finally -. 

U N*W * " tXa \«,N 

-1 L.V !S! *r a “ l l hu. swul 

.tlO.O.UUl^ 59 ^^ 

+ Uoaft Cft-s.ftH.tftV'M^')} 

- l.-u>Fi+ (o. ft eft oft s'HUt. ^'l 


First note., to F 1 88 s iSF'U'J 

The »r-\ coeves of the two cars are then 

DRAWN AS SHOWN. 

*r.% I /car ft 


Os»NC, the coordinate system shown, have.. 

AT 1 * ft s, = ZOofc.: .. 

,,,1^,1 „„ 

I * oft CkT.V - S6 ^ 

Turcra^— * 'S S 

_— rr-r- Then osinC. Similar triangles have 

^ (S6-ii^Vs t «5a-iQ*Vs , _ N 


Finally, at 1* L 

• *•* ‘*A 


4S ■£ ■ when 
For N^ « 26 ^ 


T Uocftcn- Oftoft <ftV(.'* J, c^% \ 
« ^4T.OS1* 48.OU o ')Vt-(rCOF<J0 OOCHldO.SCO'M 
= ^.L2stt. CR ClCfaN^n,, ‘JA.uil^ 

LD'i Since (Ka^N a eo fcV. for •V.sA. wm ,\t foubms 

THAT *Al fc ='loV\- FOR [NOTE-. 

ll»\ ■s -tMiM^. Then, for 
*a,E * 4 

- {[ u»v 

V l N* V'HKV. \ 

OR lott.1 iA.to^tt.A^lV-E.OCftCft^SklftA^^I 

- [ U.\S S-H- 2.0Oft Cft)s» { M4 j} -sa ) ^ 

A tt-2.vsST4)sitA\.oeft^^ 

OR \ * \^.\AS 


3 » FftkM 
W>AtN 


ICOMT'viOtD') 





A a S 

M ^iMi” •• 

B ^ * 
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1178 CONTINUED 


Then, os.nc the formula for the area. of a 

S?ANSR£L, HAVE — 

At 1*1S; kT • 6- iUH'XV ■ O 

t» *v*!»*- »r •- o - K.t'Mrt'l * - e> ^ 

>RE aT- 1 CO«»t >S THEN SPAWN AS Shovjn. 

•r." 

9 ’ Note-. The wea omseR 

\ each PORTION 

N. of the coWE 

-.. - -T—!,■!» '*» * SPA.NV>R£\_ 

1 ' OF OATiER N*"b. 


uXfeft 

Novi- kt l*zs; ^o* "vT* ^ w 
t*<Vs \* \- O 

The X.-1 curve \s them Ysrawn as shown 


CW* (Vwe.. At 

i j=. o- \ \ 

OS. X s * ills w\ 


11.79 


€»v£N - *ft 1*0, x*o, o"*o, * LX SI-, 

WHEN V-Amm, kT»-O \-A.^ 

^ \-MiN X^)|^ 1 ^ 2 . ^\, 

(.W^ .T. A*WS voe o*^.M.***» 


FiRST (VOTE -. ^>V"h ' v*^ 

I. Q.'i Have.. cT t - vTa. •*■ Carsa onser Oc-1 curve from 
lo. TO Ifel 

IhEh■■ AT i* 1 s: aJ* \S- 0\c,'V* e * ’s 

i--vs y. as -. s - tu*xw> • \.s ^ 

1*1,: I* . \.S* id,.4.syz> 

OP 1,* IQ S 

tv>') OsimC. THE ACSOVE VACOES OF THE VELOCITIES, 
THE aT- 1 CURVE V*o ERAWN AS SHOWN. 

<T ’‘Vs 

1 _. SEmiwaRaROLA . ,5 

i\ PAW*>auC \ < ^'^ I 

I \ SFAMOPfiL I 


Novi-, x. ATl*\feS.. 

E. I. AREA OnSeR. lAE kS-l Curve. 
FROM 1*0 TO 1*1^ S'i 

- uv*^Vt V sM'4fcM 

-l i\vsv>o.s^V V.'-j.sv><h** , S'J] 

» l V^> * IT. * (. VIE * W.XSV ^.TO.IE, ♦ \X\.SoY\ W 

* na.Ts m\ or x ie , * na.Bw * 

(O CiRST note — ^>'iw A,^ = nfc.TS Tn 


*W * 4?- 


QTB.TS-V^VyvT 

Oft-iYs 


11.78 


~ ^ qioizA f 
V-^K * 1 


Gwen - Aa 1 * 0 , x- 0 , 
iJS&’s 

Construct -. CO-V aJ-I anN 
X-t curves 

FOR. 

OX 1 < 4S 
EinV. (WV X AT H.A'iS 


iav Aave .. aT^aO - , * (area ontser a-1 curve frcxa 1, 

TO It') 

ANT> .. XE*X»*t.AREA ONEE* ATT CURVE FROM 1, 

TO lx') 

(.CftHTiVWETj^ 


VCX.V '^ESERVIAIG. THAT aT M ajc ^TUST CCJjUR U.T 1*\1avm, 
THE 0.-1 CURVE MOST HAVE THE SHARE SHOWN 

Note that the ma£>m<to* 5 E of -the svove of 

EACH ToRTcoN OF THE CURVE \S 

0 L,% 

v- .a^.. 


I V.Omat 

Wavs .. at 1* a! •• «S = O *• i.tAWiaHAA'i • IcUa** tsl 

V-xeA. • aS^ * i<W aV♦ iOAYa«w^ 

- O-mka Al 

vX»Nli SYMMETRY, the aJ- 1 \S THEN 'bVJA-WH AS 
SHOWN- . 

or Q, i \ ’*- r W» a 

' s f\- v^T's: ■ v 
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11.79 CONTINUED 


Noting that K, * * K* ams tvW the 

AREA ONSER THE kT-t CURVE iS EGUAL TO 
Xmpx , Hfc.'Vfc -- 

( Z Gt^0T N ,Ax') * X W\KK 
P^MAk * &MMk At 2- O-MMk At* * XmH 

Mow.. «ee* - A.e, ;x,s /s vo that 
z. CA.e. At ^ 

OR. at ■ O. “a S 

'Them l MW * 4- at oR. l wii =2,OUS« 


(.W) Have .. oT, 


»>» 


oft. 

Auva.. Ojwe - ^Tot*\_ x i.oas 


«A. • QA.fc v ^*’*A'Wt 

Vs a (OS s ') 1 


'.2- v 


-toTaL 1j»S 

OR *W 


Oto's 


11.80 


^as- x MKX « v.k, w ; \a.~.»u rs>, 

V&W\- *.•*%■ fWZo'S 

Tims ; (.G.) Amin Xmi» ! UG tai 

(.'s') kSXvC 


f'RST mote - Zo^H * ZS.T&h s \ U vvu * 84 A& (t 
(<X) To OETAiN t Mlfcl , THE TRAIN MOST ACCELERATION 
DECELERATE AT the MAXIWOM RATE. TO 
MAXimiiRE THE TIME FOR. wH«M O' * ir MM ,. 

The time c&. rsooiR.cs for the train to 
Have Am ACCELERATION ok A ^S l is FouNS 

PROM.. l#W mQ SP 

OR. At ^ 4 ^Vs* 0 *. At * •£ S 

Maw.. AFTER <=> s THE SPECS OF THE 
train IS-. |S 4 ' (.VOCE ^ 

or iS^x i(S ^XA-^,0 *\o^ * constant^ 

Then, Since iS - *, «• ^ the train will 

CONTINUE TO ACCELERATE. AT A^S 1 ONTi\_ 
iT. aS' kusk . The (X-1 curve most them have 

THE SHAPE SHOWN. t^cSTE THAT THE MPAniTuSE 

of the slope, of each inclines portion of 



or. At, • i.vyss s 

Them„ at t*SS’ tJ * Ovi^-sXM* \o % 

tO.XM S •• »S* \04 Am s 

\A.ssv*£(V)HV z^-ssi ^ 

US\MX SYMMETRY) THE ir-t CURVE \S THEN 
SR. Awn as shown- 


11.80 CONTINUED 



Noting that iV,» A^= A v ans that the area 

UNDER THE XF t CoRVE VS EHOAL TO Swim. ^AVfc. 

4 (.10 4 Att.'lS » (MWlsV 8448 tl 

OR Alt- -nv UTS 

Them.. tni* * AOs')+2U V>ST> sV Zts.wi s 

•scxyiAs ca t M , w «s l o)MN‘' - 

(S') Have .. »£„. * 


ox 

TvT 


oft 

IS Ml , 
-VOi.SAs 

OR 


GLOPS 

1 i H 

•^AVt * h 


11.81 


CivEki : a-t Curve , ACT t-O, X*0, iJT.O 
EinV (as >S AT t*8s EV APPROXIMATE MEANS 
(S') X NT t'-ios AY APPROXIMATE MEMsj 



Solution Truces ore 

l. The a-t curve is fiAst approximated with a series 
OF RECTArMCLES ( EACH OF WiSTH At* ZS.The 
AREA (A\.'l(a»v*'> OF EACH RECTANGLE IS 
APPROXIMATELY EiSOAL TO THE CHANGE vm VEUXITY 
CiT FUR THE i^aCIFiEO INTERVAL oF TIME. IaoS, 

Ol'S — (Svc (t 

WUEOS. THE VALUES OF CUvR ANS S*S ARE 
CalVEM IN COLUMNS ( AmS Z RESPECTIVELY, OF 
THE FOLLOWING TAELE 
Z, (.JotihC. THAT iS 0 *0 ANS THAT 
»S U * *5, v 

WHERE AjSii IS THE CHANGE iH VEUXTTY 

t.ETwCEvi times -L, ahS *t t> the velcoty at the 

(INS OF EPFH t S INTERVAL CAN WE COVITSSTEV, 
SEE COLUMN 1 «MF THE TARLE ANS THE S -1 
CURVE. 

l.THE i5-t CURVE IS NEXT APPROXIMATES WITH A SERIES 
OF RECTANGLES, EACH of wiSTH Cit - 2. S-ThE 
,V2£A CstHkS^^ OF EACH RECTANGLE IS 
APPROXIMATELY EQUAL TO THE CHANGE IN 
POSITION AX POR the SPECIFIES INTERVAL OFTiMt. 


“Thus 


Gie i5.« At 


(.CONTI HUES') 
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11.81 CONTINUED 

WHERE KT fcNt ANS fcx ARE GWEN iN COLUMNS 
A A**b S ( RESPECTIVELY, OF THE TABLE. 

A. VIhH KjSO *M*J NOTING TMf,1 

x v s *■» * 

WHEBE &X a IX THE CHANCE i»0 POSITION BETWEEN 
TIMES t, MOS t i( THE TOXiTiGn AT TNE ENb Of 

Each 2.S inTWvAl can be computes; xEf 

COLUMN Co eif THE TABLE. ANb THE X-\- CURVE. 

» 2 3 A 


a ,”'lx l 


L.u3 


5.c8 




11.82 


^a EWBBB 

VHiry’//////// 


AX.im | x, wv 


U.Y2 





0 2 A 

L & lo 

IE IA 

2o il w ’ ' 

IfliT 


l , 6s i 

j . sz.se 

vvv 

s 

oft. »s * in/* Vi 


iVt 

1 -lOS, 



XI LLO vr\ 


^«VP-N •• 0.-1. curve; W i‘ IS, tJ-to 
' ;m < 0 L- ^ >K><V < - a '' >^o Vf ARWLOMMATE MUMS 

IT I I Ob') H « l - -t^ BY Ai>P«i»IMATE 


a O SS OS 0 75 1.0 1.25 IS 1.75 20 I (>) 


l.’Trtt 0.-1- CURVE IX FiR*iT APPROXIMATES WITH A -LRiES 
CF RECTANGLES, EACH OC vJ'WH A.1- O.Z-Sx. The 
Aj*EA OxVKOvwO OF EfC-R RECTANGLE. IX 
APTRCAIM ArELY EGlgHL “to THE. CHANGE IH VELVCVTY 
0.tS FOR THE xRECjCiES INTERVAL OF TIME. Thus, 

au - o aX. 

VjvMUte THE VALDES op ANS AtS ARE GiVEN 

IN COLUMNS t ANb 2., RESPECTIVELY, OF THE 
FOLLOWING TABLE. . 

2.. New - - iTl.L'l *• iS - ® t Q.dt * 0 

SNb AfVREtMMKTiNC. THE AREA i 0 Q.dt ONbER THE 

a-i curve ev LOeveK^ the initial 

VE1.COTY \S then EQUAL. TO 
»J 0 t- 

FinALLY, OSanG 

^L= <^>* a ‘ 5 iL 

WNER£ a*j; t \S THE change in VELOCITY fcETWcEN 
times ans \. t< the velccjty at the enx <sf 

EACH 0,2/=. INTERVAL, can BE COMPOTES; SEE 
COLUMN "S OF THE TIL&LE ANb THE hS-\. CURVE. 
h The U-t CURVE IS THEN APPRSSMMATEB W'TH A SERIES 
OF RECTANGLES, EACH OF WibTH 02S S. THE 
AREA l&tM.iS’n.ye') OF EACH RS.TANGLE 'S 
ARVROXl MATE Of EQUAL to THE. CHANGE l»U 
POSITION AX FOR THE XPEOFlEb INTERVAL OF 

time Thus.. AX'? i^ve 

WHERE vy Kwe ANb ClX AR£ GvEm IN COLUMNS 
4 ANB S, RESPECTIVE Of, OF THE TABLE. 

4. VJiTH Xo«0 ANS NoTinE THAT 
*X * X, * G\«. 

WHERE AX,i \S THE CHANGE IN PcAiTIOVI 
BETWEEN TIMES t., ANb "tj. THE PORTION AT THE 
ENO OF EACH O.tS S INTERVAL CAN BE. COMPUTES - , 
SEE COLUMN l® OF THE TABLE ANb THE X-1. CURVE. 

» i T> 4 S L 


1. S. Ia. rv '/tf-|OAVl. ,y (il&tJ. ,, '/s| iT, "VskWTU GX M X ,b> 


gMSi gggEM 

■ESS! a 


O.IS \-lAl 


0,^.0 -l AO 


o.ts -o.es 


1.00 1-o.so 


I2.S 


I.So I-o.l3 


ITS -OCX, 


1*0 O 





LA^.-I.AIA^/b 


l.sa o.yiB 


o.em 


o.\is 


o.iw,b.CNi 


O lbi 0.053 


o.ose k.ois 


0 RTO 


o. ocaI O.Ool 


I 

(.CONTINUES - ) 
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11.82 CONTINUED 


I | uvs |T 7 lvi } 

WHEN ^*0 VZStoS ^ 

ANS ASSoMiNC. X 0 »0, vjHEn 

X*22AVt ◄ 


FiiTEm aJ-X '-oRVE 

FiNt» . (P-) Ok VJHEN X- IO in. 

A.W) a vjwew »r*ee> ,J ^ 

OsE ATTVCnuMATE 
MEANS 


OavvlEM - a -«rtowe; 

»sr 0 = isu ^s 

F'NV - C.O.^ "t when kSSO &y 

APPRONMATE MEANS 

Os) K WHEN iSVQ BY 

A?P«C»klM*IE MEANS 


I HE OVEN COR.VE IS APPROXIMATES By A SERIES 
OP oniFoAmly ACCELERATES MOTIONS (THE. HoB.i 1 c.ntal 
SASHES LIMES ON TH£ FitoRE V 


tai When xno in 

I HEN -■ as 


C.bl VJhen kT 


WAVE 


ob a>UA,i ? 

rE: To c&e THE METW»» OF MEASoRiNt THE. 
Sv*NtBMAL OOT LINES AT THE. ENS OP VjeCTlOM 
U,© ( IT is NECESSARY THAT THE. SAME YJALE 
E>e. Lft£fc> FOR. THE X ANS & AYES i IN.»SO.*, 

I IN. - SO ,M 'M. 1 N -the AEOVE SOLUTION, AkT A*>V 
fVX \Al€«E MEASo«JE.T> tdTLECTkY, SO taFPEREWT 

SCALES LOULS BE OSES. 


(.LOUT kNotV) 


:.-.S 8 

1 -- 

SA 

• ® i © 

-, 4 S.S 

i 

i 

■ 

© r--f 

i 

* 

1 © i 

. * i 

h*-« 

j 

< * » 

1 It ® 


11.83 CONTINUED 

foR OMiRRKICt ACCELERATES MOTION.. 

J, ■ kT.’-v 10 lU,-%,) 


O*. 

A A _ f^u-AT 

^ 10L 

*■* ~oT i - 

PoR THE P've RECKONS 

SHC.NNN above, have.. 

1 Region! *T v Bis IkSx.^s 

1 a,^s l 1 CkxAl 1 At.S | 
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11.85 


11.87 CONTINUED 


GwCM » V\oNl£*»iT - tsr\£T*0** OC 

SeCTvoKi \\.fe 

bea.we -. x-- X 0 - >x,t - tat 1 - for. a 

PARTXCLE IN xJniFORMLT 
ACCELERATES REF.TX LINEAR. 


T«E a-1 CURVE FOB. ACCELERATES 

MOTxOM XS AS SHOVJN 


"THE AREA onSER THE 
Curve. IS swiseJx into 
THREE RE&iOHS AS SXXOXrJN 


"03* S-I 



Ca'l FlR.ST NOrt.. 1 a , 

L.O 


OB. \o. * O.loO S 


Novi— >S' kTo •* ij" 0.81 

WlHE«£ THE INTEGRAL \S ExioAL 30 THE AREA OviSSLR 
_ SA 

The a-1- CuRVE 'HEn, xn'TH tS^ *0 

have.. O'asv 'lUo.'os'H'-o’^.Vi(,o.\s.xi(\s'§0 


OblMC, Evl. lU.VM, HAVE-- 

X- X* + I'S'ol * ( AREA ONtER. 0-1 ojRveIFI-11 

* X„*"J^l ■» F1»0.1F1- itl 

* x 0 * ^l •*• io.1 1 Ck.E b. 



The a-1 Curve 'HEn, xn'TH tS^ 'O 

HAVE -. O' * LUo.E.S^«-o^.V tW.'S^(\E '$0 

- Fl,-0.1Sls*(.'s'^-l'i 

or l,'2.3"|Ss l,*Z.Vfcs 

LW> FrOnx THE LlSCOSSlON FCALOWIV*. &X 1V\. ftl ANX 

ASSUMING. A a -O, HAVE 

X* tf.,1, ' £.Mt,-t1 

WHERE A, xS THE A.REA OF A R.£&'ON AMS 1 \S 
THE XXXTTSMC.E TO XTS CEhTROxS. Them FOR 

1^2.y\ss.. 

X* n.s^Xi vis s')' Ui^^^^lV-z v\s-o.zls 
-liiaxssX'S^z'iis- o-nol s 
-VVFUZS sK.\S?U tins-(ATS- \ 

'In. 8\ZS* Ibl.XSOO - V.&&44 - \«i. dOAAl^l 

oe. x * VS.V & ^ 


11.88 



The area omoer 

THE CURVE is FIRST 
tllViXEX into THREE 
RE&JOMS AS SHOWN. 


From the oxscossion following* to. Itt.vil anx 

ASSUMING. »a s O, HAVE-- 

X--^° * iT 0 l,' lMl,-il 

WHERE A xS SHE AREA OF A REE.XON AMO 1 'S THE 
Distance TO XTS CENTRO'S. Then FOR. 1.,' n„ S —. 
X- t-t'sV.u.sV iL'Ssu-aTs^.VK«*-41* 

*1(4 sXZ ^XtH.-'ols 

OR. X s - 8.00 rr\ 


OsiVElN : "5-1 CURVE FOR THE STRAIGHT UNE 

MOTION OF A VART'OV_E', AX 1-0, 

X * - ^>40 Ft 
Construct ; a-1 CoRvE 
P,nH : OsikxCj. the. ME.THOH DF Stcr.XJN X' b 
UL1 X AT t» SZ. s 
''v 0*1 XniW. 



11.87 


1 



Ghx/En - a-t CURVE; AT i-o, aT«1,S W /v; 
AT 1-1,, kT'O 

Pins : Osing. the Metros of Section h ®, 

iai t, 

0>1 X AT t'l| 


(lOMTlNO£Xl 


Have „ cx - xnhcre Tl vs the. slope of the 
kS- 1 curve. "Them-- 

Ftlovx 1-0 TO Is lO s; xS i C-OMSTAMx -s£> (J. ^ O 
1' TO S TO t * Z-lo *'• a ' ‘ew-H? ' ~ 

1 -ZtoSTO l--4)S'. kS» CONSTAMx ^ a s O 

Is K\ s TO l'4(„s. ^ ;i /s l 

1 s 4lo S * iS * conVTamT a s o 

The a-1 curve is them srawm as showm. 


Cal FROM THE SXSOOSSXOM FOLXJOVliMG, VO. tV'-'Vl 
HAVE .. X ' Xo ♦ £»!, ■*■ l ^F1,-11 























11.88 CONTINUED 


YM£«£ \ NS TNNE NAEN O* IV RE, 6 .\<Sxn nmS t is the. 

>NSTNNCJE TO NTS CJEuNTAO'V “WvN, CO«. _ 

X I- Mo t\_ * (.So's'XV.sV VU*»SXS ^-')\'.SI.- n&AS 
■nU^ S\S%^t- «.s’)s\ 

- {- MO v V"i\lOl -* V- VUO-* Yn.W\ Vl 

OR. X*-Yl..SO Vt ^ 

CM NoTnNG. Tv\NT X«vi «LC.O*S VvJNNtvl v 5=-0 

t. 3 ^ ■*■ C>\ NT NS "JERK V-AOVN THE LT-V CoRVt 
THNT X mm . OtCoO-S £OR \C> S < t. <- Zto S. 
kN_TROO 0 »H SNWNNlNA TR'NMElES tOONjb Sfc \JStX 
TO S,ETE.Rv/nnv»E THE T\N\t NT VINLNCM X* ^vnkj. 
(.SEE THE NOL.NXTNOM TO TVoRLEVN N\.NoS\ T\\£_ 
FOllovinnC* K\£THOS vmnLL 'as. OSRV 

d/tyf 

I I 1-'^ 


11.90 » (n,) 


foR \0 S <■ -V.,< 1N„ S , WRNE 

X* - Mo * t-oA.,- Ut,-No^Xta,-NO^] Vit'l 
* - Mo v sot, - Nstf 
When X« TWs . 3t x UO - SVt,- no\ * 0 
«* lZ * 

TvNEM.. X***. » - Mo V soUt’l - |Ut- 'of' 

OR. Xmkx * A 10 it * 


11.89 14^. 1 .* . 1 t’.ii'’ ._ 


WjEnsT - X. 1 4t? - St, s* N»t*- iC X^- , 

t ~ i 

r IMS '• |J" NNS 0. NT 

1<X> t*l S 

<\>\ t»iS 

(.O t’4i 


WnyE .. K= 41*-St ^ * Ut S - it 1 

Th€M NUt S -l. ►*,* « \9Nt l -4t 

NMS x 461*" 0U, * ^ z Vot -4 

(aN h t‘N v- ^ =isoV-s *ioT ^vte01-4(«V rtlr 

cA ij * wio "’s* 14.V* ' 4 ^ 

a* * 48 VO 1 -. 48 Tjf (X,-- TU.'V4 *« 

cA tx z. vn tJ A SS-T* 

NSA Nt 1-- R v. g x t \suv\L • ai ^ --\8U1 l - AUV S4T 

or »NST.e 1r A. znn 6 

a*. Asuf* fti'rjf oy-isuV4 > s6 ^ 

cr a = zc>4 ^ A. \a.so* 

to IVt t-4S'. JislUtA^-WNNONaT ^MB(.41 l -4N4>t\xT 

OR iJiNOMtP A NAfliT 
Os-. 48l4t.-HjbT? Q M ^1UA>-4--14o r! ? 

or q » "IS* ^ A NQ.S\ 



Q.VMEN -. T* ItXJSTNt, 

^N\-4«aNiTNt v.^- 

t ~ s 

SnNOVJ ’. VnTvN VS THt 

WAMVONN ! S - Is 1 
'• tS NviS o. NT 

(mT NO.-N t'O 

t * N.^ S 


VW>E -. X* 1 - «.OST\t \- 4 oasZETt 

TnNEM - 01 ; \- 4l.ltLOS' Tn\. - \~l 

-. 

c*. 8-2.X 1, CS> t.'b. ^ 

Ncxvl- iJ^^’-ZTNSnuO. ' &T\SNv>ZTNt 

KMS 0.x * i - ITN* - COSTnV 0-s » NSW 1 C*SZ.V\t 

UO Nt 1--ON kS^.o .*. nT.o ■< 

0.X - -ZJN 1 ^ 0^- NUTN 1 ^ 

or o. - \-sft \ s«- Vax°T ◄ 

N.a't k5 v t-ZV\ S'MNn.STV'I »3^raTV vmVCTN-VSA 

’ rN\ ^ * no 

oft »S *" ^ 

cvx--rn’’tJ a '>t'^' n '' a M - \stn 1 ccnnttn » n.s'i 

x <5 x - NN.TN 1 

OR a • NSt.'A ^ I •< 


^ Ww . X* N\Nt-T-'?*t t | 

l.S- it, t-t 

VO-A 

CVk') t, X,^, NnS S>RetTNO»4 oP ^ 

NkjUtkJ O"-- nS" M(M 


tal Hnve... x=ri(V-0 S *t l n*K- ilt-iV - 


iC-t^N 

|ct-o l 


t.X.N*AMViklCk .. vt *■ Nkt 1- -N I1.t N v tt^- St v NEt - 1 O 

OR Z(0-N Vlt'l- NO 

Trtf. ONLY R.ENL ROOT O*: TVN'S eONORTvON \S V'O 
.’. k^VN\*» - NttlC)^*- * l 

OR kS^ )M -\.4N4" 

(,V>'1 VJv«M t»0 

%. JVCO-ir+l&V OR x« - o. W.A I 

*^r lVO-»y OR X * So ° 

MJt> - $ (. 0 * ly - I ^ »r^- $(o-zf- \ £ 

T*NR« TXklb ' - \ 


IhEn .. 

k3T x ■* 







- 

Ncvki.. 

(J l = 

nJ-x 1- * <■ = it Lvt* 

IMoTivi4. 

TVNNT 

kT NS MNlMJM 

HAVE — 

jf- 

^ ^ (.t* *.y V (.t-i'N ] 
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11.92 


jwEN - 1 * Vt - L s\nt, ^ » A - l cost 
*- v*»., \_-s 

SnETCv* ■ VktA ©E THE. 'PaRTKLE. 
r \v4~b '■ tO.^ ANS 

lV> t, X, AN** E\RSW©N C*E ,£ 

LnRRn kT»kT Mm avi** t5»>S MMl 



10.1 Wave.. V 4t-LSiNt 
IHEn~ >S K ■» 4 - Z cost 


M* 4-Zcost 

ij^j' ^ * IVklt 


11.93 CONTINUED 

t>A V. COS 1 t - t l S<n' V.") -* t, SiN^t* t* CO^'t ' * d 
OR. l-t L »© OR t»\ «, 

tV> VI hen r an«> a are parallel, r*ft*o 
.‘. Almost *-t SinVI\_ * l,v«t -TcosV)^] 

* Al l Cost-1 smt't •» Ismt * t coEf) j ^ « O 
OR \.i,u»st*t bmiX'i»»t*'toas\"l -1 s*n\ - l Lc£»*Viloo V\*t smVftV»O 
£xPA»ii>«NC»-. (, S'Nt cost «-t s, H t coeAT 

— 1. Smt «fct - t •» t l SvnV Cost' • O 
OR. TA.SO CjR \»0 


I C*WEN : T~« X.U-lvl'K *(.M.li^COSEOt^ 

y/y ( | t~Sj Jv,«'SO <VW<1 ( ^ | » UwiW 

P'nv - la' r, x, ans ft. at t«-o 
i.o L- o*' r y £, ***» a, ** t*i.*» s 


Now- *X l = iS x l * iS^ - tt-tcostV*' (.1 sint' 1 
* Z© - W» tost 

?>y observation.. for, kj M , N cost * l so that 

_ V . _ _ «M. 

^mn * + c*. <^m» 4 * 2- "s 

PoR COst*-< SO THAT 

•^NIAX x ^t. ‘W r *o "S 

CV>' When «s-- : cost_s\ 

or t*2wn s * 

WHERE N* 0,1,Z ( ... 

ThEN . X-4-IZN-o'-2.S(nG.NTi' (SR. V&NT\ IN. * 


t-iOT or «2. in- 

&LSO_. r 4-2.0'*2 T,' lS^* 2 SullNllVC) 

.*. ©**o —- 

M*A> 

When *Ti tT wl : cost * -1 

or s 

WHERE N-O, 1,2.,_ 

Then #.* AUn+i>vi-Zs>nUnm''i\ or x-4<in*\V\ m. 

‘\-A-2.C-*'' OR v 1*'° , ' 4 - 

&.CSO.. 4-*X<.-'V L 'x. Jv,* 1 SinUN» 0T1 «o 


11.93 



••. ©a *0 —*• 

W'RI _ 

GwEM '- r» Mcost»tsiNt')i 
+ M stNt-t cost') ^ 

l 

I Pins . laA t so -m«iT r amS 

(J ARC RCRTCVNCOLAR 

CV>1 t so iiw r anS 

a are parallel 


Have.. r s Accost•tsiNt'ii- (^IsiNt-Xcost)] 

Then - 1 gf -1 Mr su*t* siwt * t costas 

* /\( cost- cost v "t Sin t^ \ 

- A.tt cost'll + Mtsiwt')^ 

Nv’i ^'5^- N l tost - t SlNt) X ■* M SlNt*tciAt)i 

^a') vJmen r an*> ft are ■perv’ens'cocar. r.a--o 
,•. Kt^F'ASA.vt. SlN^i* (,SlNt-t cost' 

* Kt l,cost -t S'kit'i. *■ C swi v t cost^t »o 
or Uxist* ts(Nt>'tos-t-1.si«t')* W“t-tcastXsiMt‘tcosi'*o 

l CoNTiNoES' 


Ume .. r i T>o(. v- ^Tl\i v zol.c * «s LRt'^ 

^ ido 1 ^ 

-i^\e x s»vAi^iu 

- So TT : -r L i - ion^a T. (A OBSEftXv l 
- dff 7 . , 

-'3E - *To^-^^-ZO^\-2 6 . , -^£C£S2J^.*2.s,Ml'nt'' 

. vt^fRsmisA^AcaAint'Vv 
SO . > .ti). * 

- -wJiYii '•\ot\ a. R (,4s.NZc\t-n.Scoszm.)^ 

ial « t--o: r = so(.l- tVi* zotO^ 

OR. F>ZOT*wsf 

•s = sol.i'i- i 

OR >J » A1.A ^ 
a -- - ^ i v loTl\^'l(0”^.s')^ 

_ »AW> t-> . ® ^ 

oft st 

tv*') AT t^V^'S Z Zoi'°" tt *\oss'Vx\'^ 

= •*•(-!• SSEis, *»»•*' ) 

oR r • iS.\iiw''"A N 'A s ol 
«r X i- lOT)c° ^ l.tc>as^T\ » O'i 

wwn * • -* 

OR X* S.L/b V A S 1.A 

a = ♦ IMlV® 1 * 1 * (O -t* 

^ no.vsfez^L^ 

OR ft * ~io.-s ^ 
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11.95 


Q>v£n ~. c « (RtcoxcOntXi* c.t j 

P>Nt>: tsT *fcrt» Ol 


11.96 CONTINUED 

Kvtt, Oc« -VOXi. -valO^ »U-OXV 
i T«tn ft\ «.©xN iY)\ ux 1, - vi or A*-i.u\x^ 

CxX If £ MsiX ff ARE. P6R9RWXVCOCJCR.. C..£»0 
.*. Uit taxl>i ItxiwiXV} 

• ^C3st - txwAXl *■ Cb^I 4 r , * Wu t-1 caxtXY,\sO 

08 , (itcot>tX[x(uoxt-tvnt'A' Ci^O^X xfe') 

■* XtxiwtX(,XlNt* IcoxtX s o 
ExVP.nXinC* -. (.St cox 1 ! -Xt l x»ct toxl')T t^BtX 

* (Axin' t ♦■O’ xml oaxtX* o 
or. (vji-m t*oX vo->- 8 c.ox’'t.-e>txiM\.coxt »o 

OR. T-taxlt-7-tsiwZ.t‘O 

«* w 

OxiMA TRIAL AnX ERROR OR. NOKteR.'CAL MST*RV>, Tw« 

smaller rs»T >x 1«Y&IV^^ 

WoTC; NEXT RESOT \X t_- A.'Sft S. 


HfCVE .. £ « (.?.taixuVlt'lj. * cl^ -V tft-t VNU u O *: 

Tr£h .. iX « ^ i (H.«#»cJh 1- uvAsiwOrtt^j. + c.^ 

+ R.(, xm i~v,t * 0*1 oc*><o M t1 V 
rnx 0. ■» ^ * S.C.-o M siMO u A.-<^4siM<AA-oitcosui M tNi. 

-c On CoXO* 1 * On OSXuSmV uv,t XiN 0*1X1 

= 1 1- 7.0* s»n o*\ - o£ t cox o*tXi 

v W, ZO H coxiaA - oil xmo«lXl 
*W. >J X ' *1- >sj-* 

* 1^00X0*1- Ulnt XiNOnlxY"* <cO l 
R, (.VN 0*1 x u\jt COS lOnlV^ 1 

•.R, l j, CxX* <A»1 - 7«A»1 xm 0*t oa.XO„T 
VcO.il! XiN l OnlV (.Xin'o*! 
v 2 o*t vnOnl ccjXOhA* caJ^CoXO*!!^ 
* C V 

OR rS* ^OTveO^Vc'- -M 

AO.XO.. oN Qc* A OL^ V Q* 

*■ tfc\-Z.OnX\w<A,t - oil coXOnllV"* (OX 1 
v\.ft.Uo* CoSO*l- oi 1 VNOnOV 
- R*\(.4o* x\m‘o*1^ A ov t x<n o*l 00X0*1 
* oj^l 1 c&x'o*! V (.40* cox l o«l 

- Soil XlNU\,lcoS0*1 '■oil*'X.wWlYi 

or o.-- SAA 4 >+oit i ' 


11.97 




.81^ 


MeaTvcal tvyo'V'OM CI3J^=- 

(CVlifoojvicv ACCEL. ►»■>"*<) ' 

M' -J- & t \ 

At ■%.. - aowc»-ttA.ei w - 

OR 1 6 S 4,OiB«.SX I-—8 —J 

UpoRomtiM- iviot»jm Conform') 

Aa &.. d • (. 81 <I ^ H 4 .oiS « x^ 


Hrne C s l At coxlA j. » CA \l* , *i v (81 

or i^xMojixI ^»A5isT I^BIxinI 

Trejj coxl- Hx vrI - Jt l r - ^Y'-\ 

Noo .. CasH. ' X'^l * \ -R> (. \ 


T^evt .. 


L 1 ' Mki'l * \ <> - \ 

c><R iX") ~ -Cb^*1 Gi£.^. 

i AWX , WAVt.. 


G»\V6.N ’. (5, cx RoRittmTACRlCTR of xnowRR.CC 
F'wR : cT,, 

CW'i d 


la') VJnw Atl anX wave.. 

^ -Jf « 2,(.«xl-ls«NOi ♦ i" Vvwl^Acaxl^ 

8-f.. ■CtlTT-lUTfT). 

^ ft x d€ x il-wt-vwl-lt»i4j.+i—Ct^TT) ^ 

v (. oM. * cox 1 -1 xiiAT >t 
* -iU^wtcioxiAi •*•'4 ^Trrs‘h.1 
+ ^7. taxi- Ixml'JV, 

At1*o: >5" = xtx-oAx. *• *(ox^ 

OR r^X 

COONTIMOfX') 


(0.X '(EttT'CAL MOTUCN 1 ^ ^_ f. 

tOlslPORMOf ACCEL. MOTION^ A. 

t«ffil “ 

At &-. -I w ■• t(.S8(^X1 or -l % *O.AS(SZ4 X 

AoRXRONTaV. MCfV'OM (ONiFORmX 

1 -- XC*,°- (»J»\,1 

At 8 .. T *v\ » kf 0 (.o. 4£>i Xi4 xX 

oR iJ a * \x.soxv x, lT 0 * So^ 

'-^X Vertxocc wqtvQn ■• At C.. -Xw * - iCS.B>\ ^Xl 1 

or !<. * 0 .T &2 oc.7- X 
(. coN-nNoeb) 
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AtC : m 1 

TMSM.. X 


11.98 CONTINUED 


11.100 CONTINUED 


1\oP.vEONTKV W\OT\OW 

At C~ n+dW* <.\«..so^\’%')CS'>az «-z. ^ 

OR. c4' S.XE yh 


11.99 




MerTxCAL MoTxom CoN'f. 4 CCEX.. MOTioh') 

T*>£' 

UoR.xTpm~rx_ r-AOT'om ComiRoRkVS 

At fe: xy- * - i 1-tt.z.^Ot 1 - OR. • O. 4SS OH. S 

THEM., x; T M. S ldo\(d.4VS OXUsS 


=0. UsA * I^e> T 
- 1 A. * - oB. A t ' 

o.Ut * I is; V Co. t.sz bsh O 

oB. * 18.0 % 


O.VM.4«A S 


XS.-JS t 51 


11.100 


"Them .. 4o At * C»J.\,C 0 . 1 S 1 4YI s'! 

oB. t*So\ * XOVt44 ^ * TO.4 

VlHR«. V.»41>M, , -\.SVL»- 

CpB. 1,^0. toS IS4 s 

T H £rt -. 4o Vt * l >S.\ L C O. KOS ZT>4 s') 

OR. CtSoV » titoO § * 8S.4 

;. To.4 , fif E »T.S 8flA ^ 

(.'o'i For. the vertvcac mot>om 

<4^ 

No^ TM4 w. « . *»*■ 

When h>lt i». ; t*mr « ^ 

xos. Z.4A 'Ys 

„ or. *. v *b.as* ^ 

VJhem Vx* 42 m.: ikm*-- 01,1 *>1 .^01^000 

xiv ©4VYs 


OR. 4.18 


11.101 


(,&") VeKTvCM. Morion (.XJNlB. BCiS-V. MUTXOm') 

V >£♦ i<£t- i°F l 

HoR'Ro»rxft.X. NXQTiOM (.OM'CcB.vV) 

x-oe“ c^.i * 

Uhrm b*l\ «•>*■•• 

or A-^o^en k%i s 
(.CONT'MOEV) 


Cox') ' AoR'RQMTM MCTTXOM I.OMlEOR.h'x') 

X.-jrfWlJOA ^ 

At Aw* i.xi.^xA’eU ob. -t c « c>.t\4t^ s 

MERTxCAU M'OTxON EuM'E. b<xev. motxonI 

At C. .. nt * 2..X VA * (■A -i’ftiN e ^en\V« s') 

- i(.8 fcx EtY(VH4 TE s') 1 

* 2.BT wx 

.'. Me 7 ZA"W (.RECRT Of MET') =*> 8MJ. CLEBSS MET ^ 

Ibl kil.^o; o*z.\vnYC4.s&^'it-iC l 4.fe\^'> 1 t l 

SaLVVMC... X.2T\ \*\E> S. (.THE OTHER RodT vS 

WXKATXME. N 

Them-. d*t*S;\,tB * OZ YftxS^Mx.TTX \T4. «»Y 
= VXo.oX yv\ 

.'.The 8EX.X. LKMbS fc> = (^Xo.OX-^.Oo^rvv*.TOX TVT 

FR.OHT THE met 
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a' i c.**” 


First note .. (AV U ^'s )o>->is*2.M4&'t J! K 

VERTICAL MOTION (ON'E ACCEL. motion'! B.ft% '•' f K^ 

n * >£° o*,vv. - I \ y ^L, 

-a.s 5 .! ' 'A- l~ d 4-4-ziv 

OR. 1^ = O.TIS4AI \ CTrtE OTHER. Rocn \s 

NE&iXT'VE^ 

IVc RiEontal motion Coniform^ 

In Time 1^ .. Xat * U.A\A8 sV t.TVi Vt 

IlKS, THE TROo&H MOST Typ T>U\CJE.S SO "TRACT 

X.* S \,nn VI TCt l VTST1 VI 

XlNCE THE TROOCiH vS Z VI \M>XE. IT THEM POU.ONS 

THAT OidsT.TVI VI ^ 


FiRST NOTE.. 

(.AX * co' 4o • d.SA ZS s 

W^\. )vn 4 o *-o.-n» is? 


FT 

\40 mm 


Uo*1*aMT*\_ NVSTvOM IHOmm 

X» *?V UO.t JJ_J_ x 

90 mm —U—4* *1— U*» mm 

^W\WL fAcmoU COM*?. \CX6-L. MCfTKSM^ 

V > ■« wv^t - i<ii l 

Milk Enters class act B 

V- o.oe,yvv = <.o.4\S ZS^M OR -Lft-O.OST oza s 

y. O.\4o m = l-C).TH \S\\o.Cfil oZfesl 

- id fel ^Xc>.o6T ozb si 1 

c*. Vi* « o. z44 m 

MlLK ENTERS Q.UASS AT C 

X‘. 0.\4C *a = 1.0.4 V=» IE»t£Vl or l t *0.' l i>&B«.S S 

*y o.ito t-o.rns^'s'Hc>.\'s& azsV) 

- ic\a\ '^Kcs.xsaezss')*- 

OR Vr^ * Cl^BIo to 

,\ 0.244**tVv40.lBl.ro 


11.103 


11.105 


FlRST MOTT.. ,-' ~- 

C*J0o * A cs>s to* K /_ 

l AX’ A SN 40 U-!4 VI - 

HORIZONTAL MOTiOA) (.OHiFORMI 

It *s% (.d»xt _ xlv 

(Vt B.. vA * l JicosAoW or !*■ cos\o* 

VeRVCAL MOTION CONlP. A.CJCEL. MOTlOwV 

H * *1° ^ V«J* T2 Z ^ 

Per B.. \.S * W«S>n Ad'll* - i«\l^ 

Sv)Si.T\TOTTHC>. ROE 1 *- \4 l 

LS « l>r»StN AoH5^cSC4cT) ' is ^ j^cocAo*') 
or , a H.SZ.zy\Su')jcos4o 

s - l.E » 14 TAN 40 


ci 


First note- (AX* (.'So^coszs* ^ 

UTv^Vo » (.'C.O ^ ) LIN is 

ANS KT S».. X**ciC0SS HjI-Jvn' 

Kiovi-. HqriEontkl motion loNifoRyfl r 'A 

*'>& AA\t coiS . 

/Vt B.. dcosS* 3 (.n«^cosZ^X. or 1** ivocoyiS* d 

TJertvcal MoTiom VonvR. RCCEL. motion'! 

uxxt - t«si l (y sz.z^i 

B -dSINS • (WoO SM ZS !l fc - t-Si* 

SoRsTOoTinC. For 1* .. ~d SnS <U)dOSin ZsV Cvyi'cSsS*^ 

1 a ( TflSS* \C ,L 
eS V XUa toils'1 a 

OR d * \ a> i >Co *-4* l"t>° cosZ^ (.TAw s ■* T#N zs *) 


* 7zv..c>s VI 


or d.*ZAZ 


QjMEN : N„*' Z S ’> 'Tr ' '40 «««. 
d * LL> mm 

Fins ■ Rance or vacues op 

h so THAT MILK 
T Enters the &lass 
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GiWEH ' ^roes-toR* os r 
BRSiWLTftRU (VS 
SHOWN 

P'NM (.«.> (S a WHEN d«9\N 
CV.N ■£„ WHEN 
cA « VA 'N. 


11.107 CONTINUED 

OR vy 1 -» \vt.ouS 

° 0.1\AW'l-'A <kC 

he\ %, - >s. %'S wv. k2b l * 


Aa C, - 1 . 1 A vh-. 


11.108 


F\rvt note .. 

CxVl a 5 kSo Eos Vi 
( 1 JO 0 * Jo SlN Vi 


Mil % 
Xl 


A\t-dW 


UoR-'tOKCiRE KTOT'ON l,siNlEORV\A 

An &.. Ot-dA x (,»S a cosV?M: OR l fc 5 J a 'wV1 
Mertvcm moTioki CoN'f. roc.ee. motion A 
M = H?* ICt,'),,! - i <. V MX. 

kr $> .. 37. ■*• C*S“ 0 Si»s)3o - 2^^-^ 

^sj^VTiTcTTinG 't_^.. \U-<i t 

3.1- C^^^M|iSv»0’ l*( ff a «*V>0 
ri iso^ 1 . 


«• wi-oss 

^ * O.W4W- e-o.ssa 

<A OVt® x lA.Rfc ^ 

i ^VOtS 

'A'o * O.VVA*! , 

o«. UOc m TCi.sA ^ 
VOUA^S \RA& ^ ^ 


-I\(£ki . 'BAiECAcOif OF COOUNC. 
SORTER NS SWOV1N v 
dvgw*«v * 3<aC> *»« 

F'N*> - . 8a*»C,E. OF VRl_oe» of i5 a 

SO THAT THE VINTER 

s nnns a-erweevi 

y< __J POIKtTS NMS C 


ECO d k^in. 


tv> <d= n >n 


,r\ fc^VKM-4.1 1 


d~St 


— L_ lO ~I*A 


OR *5-, - Ifl. 8 ' 


iiv.m'io- ro* 


M.&u-h.Vvi'l 


or (S 0 -i9.u-s 


11.107 


hrst ncste- 

(•<30.* J.cost.* 

- *S a '**'»* 


\ \ f ] * HoRieontri. motion EowiFo®tA 

\ nswim/ . , „ . x 

^ = L 

VERT'CRL NVSTVON OON'F. WSX VT(JTww'i 
Kjxs, a v c^t - hftft <-V'* B\^ 
|\t toint % •. *' iA ns wO sin >o ( s\. io.nswvV>>s'o 

V- O.OS SIN NO « -O.OIO -* (.(d,, COsC'it 
„ V O.OSO sg,6 
^ ^ S Cost* 


«A< O. ns OSS NO « O.ROS* lr»S»SlNt >V. fc - X.%^» 
Soe.S!VNJT.NC, FOR \. % .. . 

- o. c>3z wsft ^ l- s 0 biMto X r 

o* m i^.aOv.oov>a&&^ _ 

* «^t°(o.o^V.5>'A-0>.OSoT£e.fNNlo*') 

OR » O.S.-T8 ^ 

Aa fexNT C.'. lO.VTSTA^ COSV> ( S^ ; (.O.HS trtl SIN 'iO 

v csn^i tcsVi x - 0.010 v oi 0 cost 0 ') t 
a o.ni ssa- 
cr \c_ « —---r 


o.ni SS4- 
(J» cost* 


FvRst note -. . I 

"-:r -4 1 

(^,< (JaVdl 

AoOJFOKlTlKL VKaTiON l.OMvCoVKl') ( \%n\ 

X' >2“ CJ^.l 

• ** 

VJhTKJ Xxtw. t> * l>r. cosi ^A. OR \ u x o-.tosV 
NJERT'CAR K.>ttT'viN AON'F. ACtS-V. MCST>onA 

'A- i* 3 V>» , V- - IV-^ 's'l 

When the aaiF rejches the t>re, \ = A. u 
•’• 'As.c * A>S 0 Sin 1 M,Floss' 1' i'A^.j^cxsV) 

o«. m Z>\) _ 

WS J ^tT»N'?-'\^c.A tcOKfriWiOE^) 


sj: O. \AS sin "io x O.loS * A* *3« S\Nt°A\.c * V'i'W 

SoeSTlTOriNG for t. .. _ ,.,. c o , 

- o. \\-\ soo x C-^VN^X^ a.ctf»t* ^ 

OR. I lEBBv'Kon'SsAX _ 

0 c©^'(^o,ms«o-o.r'\ ssa *tkk t*) 

or (.^v x v.m t 

;. c>.tA6 it- (S 0 t\.iH^ 
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11.110 CONTINUED 

VS-VOO*- MOT you (.ON'F. IXULS.V.. MotxON^ 

- «£ m* ■£* »*,U ' i«jt l 

' iS a (os>S*-ql. - (fJ 0 cos \S*)\ - i<it l 

Arc (\oikn i, iTuS 

,- • J/' a *T. -MM 

>*5n .. i an ' x. * ,, v v i * ~zi rr 


r . (. fS n')% _ |J~. ->»n\S 

ASK - ™ 1 ' 1 * u*^T\ * «5U-rf-7t««p 

a*- t* - 'f* l ■* v-9.e» ^ 

= O. ZZi S'! kT, 

MoTinA TrtKT ^ s »-Olm i HAVE.. 

-0.1’ l ►$„ COS>S*HO. Ul 

oo. vSi»Z.WT^ 


f.«ST NOTT.. _ _ s'-'lsL 

»S’ 0 CC<> U^» - »S 0 WK to& £jT 

/ s 
/ * 

WwAtOKlM, MIO~t\ON (.ON*:©*.m'> //' Sw, 

t-S^Vt 

At ei-mtd >s on C. n-.$yn '•I 

s * (,iT 0 (OS 1 / ~ _ 

SA +.. . — £ -__ *L t _. 11 

^ Oncosts*} * -- •* 

\JeA~UCM nvOT'OM lON«F. ACXE1. MOTOU^ 

q « ^ (.Js't.i. -1 «it l IV- s.fct ^ 

Arc trte rcAtt u^SS, t* 

i»,«. * - £ q (. ^tasus* ) 

-R 

° cos^us - * (S tan bST - 

bet».sbb 

S TAM bS* - v^ t 

A —. . _ 1 l«& 0 ' W\ 

Po.MT %. S, - StAnWjS *_ s « W^s^S-5 

.’. (0.6^ t ,SL Slip's ^ 



FltWT NOTE .. - lS a SIM A. « ll&o S\SiN* 1 

ttJ^V *5, easu « (.160 ^ Cjosh /*?• 

toO HoRiaatjTAL inotion (.oniFCjr.m'* **]/__ 

*.«.*s* IJA.1 * <-2-S^ SIKK.M A, x 

Acr point 'Vi,: "Wo -C.iacssiMA’i't 

OR t» * iVsiN* 

\fe gT*Al MOTION (.ONiF. A.CCJU. MOTVCpm') 

M* *3‘ iqt 1 ~ U«o cosaU- ^*w.i vO 

Arc Runt U, Vt,,yo: n 

C>* (.180 CoS*} ^ K, ■ > in() 

CA 160 SimKCOSJX. - i.ei C i^^*0 
cA SIN IB. « t ^^Vo - ') 

OR. IK« A.Ot^ efl® Cv«4.0t* ^ 

kb'l VWe .. c^t - 16o tas<x - qt 

VJW.S.H m»m M kx «Vi iJL*0: O * 26o ccf»«(* 

A V 


* B.W4Y!, S 


Trttt*.. W t U&o (osx>t s - iqt^ 

* U6o tosA.otlsrXft blA^sViCtt.zXa.v.TAS^ 

OR. Xeavttt. 


Cc'i Has rooms .. = \a vmi 

n 

® \A (m A. CAl 4 


OR MT5S S 


Fast note.. (,(5;\* s. sin 
( lS 0 (OS 

UoMRQNTKL MOTION lONiCOfUvA 

kJ x « (»r K 'io 5 )S a Sin vs,* 


(.oaNTiNOtS 1 ) 
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First note .. voS"'7s = A 'N M 

ANS CtS^ 0 » tf 0 COS0L « (,\M ^Hos«. , r 

l^V,* 4 ,»nx» (VS4 ^)vh». J> . 

IO.T UoRiRCNiAL MoTioN (.UNIFORM) * 

A- *1' l*V>A - UEA cosx")t 

(Vt THE f»6Hl OF THE MET ( X- «o V\ 

IhEn H» »(j*aA CoSxYt. ^ 

OR Ienter. * TT COSX 
VERTICAL Mcm<3M (.OM'C. ACCEL. MOTION 'l 

. USA s, N .Ort.- iql 1 lyUivO 
Art th£ Front of the net.. 

- (\'S4 Sin x"H CCAX^" l.'S coax') 

scq 

1 U» TANX - ■SCR.q oas^x 
Now.. ^v t X t SECX - \»7iwV 
“•**» CFRONT ■ - ^25 <>'* W*') 

OR tmaV * 2.^ *TAM* -a- C V + Mf ^okt 1 • O 

S¥ *-Lv-S?’N«>vg?w>y l > 

TAN Ok -- --- - --- — - 

. c, w* v t. ^5 yii 

■=>». 1»|*»H * ^Tul 1 V V vvil) - 0 ♦ x.v-».l'*«“••’> I 

OR. TANX = <Ua.OTU. 1 ^ lAU.O'WW')*'- t \ * S.7S4I Tn^Y^ 

(Now.. OS r V 4 tt. So TtVKT TH£ t\»SVTWfc 
Root VMIU. YiELS VALUES OF X •> AS FoR. 

(M.L VALUES OF ^ fro ^ . VMEn THE nEEATWE RocSt 
\S A»S ^fHowT »S 

"7 ne^ecoRt % fo* Km** ^£i 

Mrooni * 'fe. I A VA. 

"Then- TWH-. 4v..OS2l»-U4^0S2W) ,- --<0*S.TVU*V)'y l 


First note.. 

7Z.' 4 Ef 1 ZO ■? ^1 »?o_ 0.06 «w 

AMS L«V>„* 0r,COS»»lio|.'|coS* PvU^lI- ~~V~^ x 

IS.VN X‘ tto's^smE L - |.t m--J 

lM UoRVi-ONTAL MOTION (.UNIFORM) 

X-J'S'fcosV^t ” (.zocosxM n 

(Vr Point !>'. v4iQ’.oocsx\\_ or. i a 5 io cosx 

VERTICAL MOTION (OMiF. ACCEL MOTION Y 

•CzavHK'rt.-i.^ 1 (.v'A.fev's 1 ') 

(Vf POINT B: O.Otg, -. CLOSiN*')').*,- 

^OSWlTi/TlNC. FOR 't a -. ^ 

0-O& ■» LZC5 Sl*v| A^IOCOSX 1 * 1 .^ C. IOCoSA ^ 

CR. 6 a \AOO TAMX - iq-^Tcu. 

Novj — CO^Ok * SEC^X. a \* TAN^X 

”The*a-. 6> * \Aoo tana - zA,^q(,\ t~anV^ 

CR 2A0.2.AS TAN l X - \AOOTAhX * ZA6.i4S».0 
“boi.viNCv -. X B \O.V16U* AnS X »TS.^AS* 

Rej6‘.~i**^ The seconds Root ■atCAost VT »S NOT 
■PWYSULALLY RF.AVON AftLE., VTAVE 

XtVD.'ie* 

Cfc>') Wave vJ x » UT,^ > zo cow. 

ams «5v,- ciS^, - <j\. • zosiNX-ql 
Vr Roint “fe 1 . (»Sl 1 ') a * ZosiNX-qA.* 

* Zo Sin X - io\o>» A 

VloTlNC, THAT AT POINT T?.. |57 <• O HAVE 


AT AT POINT 6, >T SO 

TANfe = 

io?nlL ‘ZO SiNA 


20 COS X 

^io COS lO.VieA.* ~ VQ.'STftVB 

cos vo. vtato* 


oR X - V4 v.v.04 
C VAas FOnuS i 


e> 

TT COS X 

a 

TT COS V4.U.C 


<*■ = V4.UV. 

HNV 


* 11.114 h l8B ” 

— L, 


ox a * «vh 


Gwen 4 . Chaser iomrs 
from (\ to »!> 

piNS *. t l^o') (w,^ ANS X 


C-iWEn 

<S a - VOE. 



r>Wb. 

CX) 

1C \C,' •) 

FOR INIVCW THE 


TAOCVC 

enters 

THE NET 


"t VJHEN x 

- Aniici 


First note.. C>3V) 0 - >5. cos x 
tS a SIN x 

VApAiRontal niotion V.uniform^ 

X * Vo°* l ^ a i ■ UT 0 cos aM 
kr Point "tic LB-0J o tosx'il 


o-„cosx 
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11.114 CONTINUED 


11.115 CONTINUED 


VCRTICAL MOTION (.UNIT. ACCEL. Motion") 

* (.a-* 1 < }'- L (.v^.av 

At point - V.A » l»T 0 i>w^ - 

SoftSTlTUTlNCj FOR t®.. ^ ^ v t 

-V.A * (JoSiN^l 3^53*. V i-9^. »*-„ cosa^ 

or _ t t i.ui-a _ 

° * C©shA(.V.e>TANA* \A) 

1.1.2.9 

■E — - ■ a 

0.9 VMlA »V.A OSS 1 A 

fdow M»iN*M>lE ijJ WITH RESPECT TO X. UavE- 
A*y -U&COS2X- Z fcCOSXVNO.) 

3iC -- '•«* (0.9 *'N iRM.AcosScV 1 ° 

OR \.B ooSZx - V.A sin 2.x *0 
OR TAN 2.X » T% 

OR X-sZb.OWlS* An*s X*2CXo.OV.° 

^titcTinc. -mt second valoe s-ecaose it \s 

NOT RHYSlCAU-T POSS'RUE, HAVE-. 

X*2S.V* 

&NALCT, _U£ll±&i- 

cos L ti..oioi?r ^v.S>txn ZW.CfalV * V.A) 

OR <.tJ„Vm * 2.9A^ ^ 


O TO AS AN*> then d DECREASES AS A »s 

Further increase**. Thm», d M >« occurs For the 

VALUE OF & CLOSEST TO A s'* rLNA FOR VJH'CR THE 
WATER PIV**ES over the f\rst rwn of CORN 

iTLnts Aft TH\s Row l.s n\ 

~ tc«W - 

Also, with 'i co « N = V, have 

Vs * (.ft SlNxVV^o**, ■ l 9^-OW* 

SuPsSTiTOTiNC FOR VcoFn ANA NOTING. ViM-Bw., 

\.b» (.ess*R'Ks^sjVi'i'.^vAV 

CR \ 4‘- '4TA«F- 


CR ^V.fc* V S TANX - 

Mow.. coxAc 1 SEcSl. * \* TAnV 

Then l 6> - v.S tank. - ~ C v» tfn 1 ^ 

OR O. WZ4-A.V tanV - \.<=, tnnx * 1.99Z. AAV *0 
Solving. — x»*a6.i29 < ’ w*s x»Qv,9i.s* 

Fsuks the aeove Tsvscoss.on, n follows that 
when 

Xisa.i 0 

FskAILV OSinC. Eli C*) 


^ SinU*S6.ZZ9"> 


d MN ^ = S BA sv\ 


11.115 


11.116 


FiRVT NOTE- G»5^.* iJ^GOSF •<.6 '^')cosk m 

UoARpNTAL MOTION lUKJlFORvO - 

X**2?l»s;\.t .l&cosxYt A * 

At point "i, X.-»d •• d * l& ccahM x 
V£RTO»L MORON (oN'F. ACCEL. MORonS 

1st 1 - * (.ft VNW.'Vt - l V 9.6\ ’§•> 

At point Cs* 16 sin 4.9^* 

SsMFUFVlNC. ANA SoERiTOTiNG. FOR .. 

o -- 6sinx - IsC yg g . ') 

OR cix^VNi.*. t \9 

(.as When Vs»o , the water, can follow ivkj^ 

TaWSsCALLT ■poSSsHLE -TRAVECToRsf, It then 

follows front tsi. OS that d \s vtaxswont 

WHEN 2.x* 9o* 

OR. (A a AS* 

Then ci* S\n Ie» AS*S 

oR d MKji *(c.SZ *sn 

CbS 'fe*acN on ta. LsS ans the results ©c "sVrt 

a, VT CAN XE CONGLubth THAT d INCREASES 
IN VALUE AS X INCREASES in VALUE FRjjN-i 

(.EOVTV'HUES'v 


'■'°st note .. (isT t S 0 * \ cola * (.W.S s }cosa 9, 

SlN<* *(.W.S S^SlHA I 

I&Y OEAERVATsQN, d vsn* OCCURS ^ 

WHEN ^vsnt. " V.\ WT. 

Si ERTsCAL NiqTSON CoN'F. ACCEL- ntotsonN 

'J 9 «9 *'{«*■ i «iU 

* (.VV.^sSlNxV^t «(.W.S SiNaM- 4.91 

WsRN 9*s^ w AT %, 

VHEN l>JuS K * O - ttV.S SiNRV 9l 

OR t V ^'^ 

AN*'. i OV.S SiNA^^- i.S'W 

SoE.V»sToTsNCa. FOR t-n, ANS noting* vi^*(.\ws.. 
I.V , IVV.S vhrH^-^V 

= C*vss t sin 1 x 

t Z.1»9.BV . 

OR SIN R - —X = ES.8ZSS 

VaS FVqRsEonTAL WOTSON CUN^FOR♦<'^ 

A ■ '•‘S'aXI * (.VVS COSK^t 
At votwr'fc, X'd^^ ans 

_ 1 ^ ^ l... *» T CSI / .O . ."V *HO C I a 


l9=9.B\ ^-1 


WVWERe = 

Then - d M ^ * 
(.Vs) fRONT AECNE 


^ S.n iSBZUS » Ox ATS su s 
(.W SS(.LOS 2.S.e.iLS*S(C>.ATT SS') 

oA d*, M - A.9fi> TH 
x * z.^.e>* 
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O.S S /US 

r 

* z s ^5- ft 

, V0«EM V Vi* 
„ w-»6l 6»loO 


l O.'S ^X- USSUS j - Vvl LS ^ 'l \—- P -- 

= -Co.zn s\ ^ Yv- C«XV» vS 7 / 

4c.*^* CL %MoaS^ v_ * SH4 ^ V? 

►S cK -- LC-OviWV* z.cosB'j'^lv 

* t c-aAS-}v^»-*-z 1 

-• iTtb * C-O.l'V'N * L tcfti 4^»*^ j. 

♦ (-o.avsvs + 2. S'M V* ^ 

- Iv.ZOlAo^V^* C,O c Ko\C)u'^')^ 

OR rJ^ x C.SAovj* <£_ J%V 

.. lS^ - C-vi-ZU^WLcOSlko")! 

* C-O.A^"S 

“ (0.-ia6wfl * (i. ns 90^^ 

o*. ^ x \.S.oa^ ^ sai* ■ 


ANb 

Them 


kTft itAeXvoVjas vo 

oa is^xv.-vYi v<n khsvs 
°i.a . '-tm >y 

SIMOL SlM io" 

o*. *.*ne.A* 

HiTvMU THICV 


QjWEvj: MeuotvTies oc votas K mms'R 
(VS SWOWW 
^ »»■»>•• STxIo. 


VlXV Ume .. kje. ■»- >s, 
Them.. &K + 


OK *J» “ _N * -Uf< ~ — C /(V 

Nouj -. kJa- * 5 l * 4 W so Trt«v 

*5«(s ~ i?«V* a*- *5 vk * *5q» * •!•(». 

The graphical R£«LEseNTATtou c* the last eiAoamoM 

VS THEM AS SWOxJM. 

VWiE.. 

' . KLs ^ • ttftS LUo*" 

V -MpSWrtawS* 

*k 7 X °* *V1U..V>6TJ 

-n4*l \. ans 

. 3 2 UO _ ZUU.T 9 & 

Ao< - SimA Sim C.S* 

- ~ %lK OR. OL*UloV 

.'. 4 ^= zui ^ ^z^i* 

CVs^ VA*syt.. *5^ • fj^ + Sfjp^ 

CB. 4 k x IZA ^Yj-Uss "^x- 9 <»s-vs‘i- v M iV^ 

l CONTvMOEb^ 


Them .. * io l * i4 1 -U'o')C\a'i los vS° 

or . S.OSVIA ^ 

**** vO SOSST? 


SIM W 
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11.120 CONTINUED 

• (.(.o.aai phi * (rso.s<4 ^ v± 

ok »J K «is & v;' A, ~ iiA 

CO Worn*!. THAT -me. veccOT'ES oc % «.hs C. 
CONSTAJHT HAVE.. 

ST*. * iSTOo * Tc. * 1&V >£A 

Nov4 - r 0ft • r c - r» «■ l cr t \, - cr*U * <- 

* Ue«x-cs: % x\* <5«4*t 

* ( F<-|0-V ^ c\,.-t % ^ 

* Itfq* A-t 

For Ck\_ 1 vs mi»i •• Ci r ci^ « CtloO ^vl'A iyVi'y (oS xv\\ 

.*. ^c|»: mv 


11191 

• ^ I Q'ivEn' . Constant vtv.QOT.ES oe trams A amS 
at i.-o, K ft n the caosSiNE.; 

AT t, * 'O min, B, is not THE CRDSSiNi 
^Nh t t.a'v >S^i^ 

{Ya\ AT "1.= ^ mim 




(OJ WAVE.. f5 6 * iS h *- 

ThE &RAVUICAV REVRESENTATiON Of- TW'S E&OATiON \S 
THEN AS SHOWN 


^*46^ 


Then.. - uL l * 46 - uuv.Xs&'l cos Wfi» 

ok H.SloU ' u *'/h 

AnO 46 t \T\. ^SS 

sin* SIN vSE® 

ok (A-VO. SO* 

.*. ^ k -UV.4^'^l.o.So* ◄ 

CVa'i First note THAT 

M -L*Tmin, A \s CiouN?'V.Co') * l.'S Kr*. west op 

THE. CROSSING,. 

•Vt 1 = ^ NUN, \S C46^>?Y io') * S.u km 

SOOTH WEST Op THE RkOS&iNCx. 

Now.. 

Then ua ■L»6 nun have.. 


km 


C» - S.L kur, 


rj; .VT?-s,v. x 

- l(ViySC)cos2S* 

OR. Ti/. = 2.9fe km ■< 


Given -. -s.stJ to* 
Pints'. ans .5* 


2\/s 

o<nx> 


Prom the SiAAAam.. 

iV* IK* - CONSTANT 

Then.. iiP* - O 

ok Us*l * 0*5"*. 


jy^ %/ Now- •?* = >Ja * •Jwa 

AMS noting THAT y K AMS AT ft MOST HE HARASSES. 
TO SORFACE.S A M*> B, RESPECT WEST, THE (,«ATlWAl 
kE.PkESE.MTAT.ON op THIS EiiOATlON \s TUEVJ 
AS SHOWN. Note: AssonunU THAT Sa '*» S'kCCTES 
OP THE. income LEAOS to A VESOCiTT sac, RAM 
that WOES not ' CSOSE. 

A, FlRST NOTE .. 

/ kXj. * | tf. Ov» \&o-(4o"*3o*>.&*') 

m / v\ * «*-*• 

^A ‘ Su 4 / tjrp* Then 

/toV^s, & r ,A%, —— 

I sK "SinIHo- b*\ sim Ac> sim l So*. 6*} 

■ OR »T a Sin4o« jiS^iiMtlW-ft,^ 

ok Sin C Wo - B O. Rl©4 V6 
ok ^e, * "SS. -i6VT Ans B**4. S.I6S 
For %*.SVJ6>t'-. „ t _ E.svnAo 

*> ■ s ^A * sinCToV ss.T*n k 7 

c=k IJ* - S.<H ^ ,y a «vq*. \ 




For t A.ioVeV-. 


S.A+^^io 

^. c vs^ 


- L S.lo S'N 40 

iJe* s°A - sinI-scTv i.svea 5 ^ 

‘S’a-T.SoT iS^.fc.- iA\ 

:. >s s ^^ so*C ^T>o 

Ij-^s U.'54^ 2fcs4.i<i 



& 


From the sia&ram.. 
2Ka-v A^ k -= Constant 

' HEN -. Z tSf^ + |J^, S o 

Ok - "o '■?' 

ans ia K a a k)K * o 

ck ( iii| K \i '2.1?- 


C conthhoeO 
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11.124 CONTINUED 


(a.'* Have .. a. B »* a^ 

~HE GAAPH'CAL AEPRE-SeNTATiON OF THVS EOOkTXCN \S 
THEN AS LHOnN 


VnU 


11.125 


(.a'l Have.. a<. s a» * a*,,. 

The GfcAPH'CAV. REPRESENT ACi I ON OF TH\S tioAUCH VS 

twem as mown. 

PiAVT NOTE.. ft* 180 -(lo* *os*V 

Th*h- a±y % * 

-»^*/A vwto ‘ VK * ^ 

*—\ ac^o.eiso^* 5 ? 

(Vs') £«Sft vJNiFO«MV.V ACCELEfcATftb MoTioN- 

^L* w{.\, + a<t 

^ w . yBHf\ 

(\t (mo S'- aE* (o.ass&b T^OtvosV 8-ViaioT; 

OR •£,* B.V* "C _A^S ◄ 


l£L 

' 1 


g»vEH : JV,. = Zoo’s' - ) 

«AWN • 

no "s ^41 jo 
FiMM WJ. when b=2cT 
Cb^ ZJp WWCN ^MIS* 


11.126 


<2!V£n ; 0. h * l ’s* ;(U0,* W^V 0 

PimH * C<x) 0* » 

U>) >5. AT t*VOS 


Hart- ^.Atuer tham a?pvy the same metros of 

S 0 L.OT 1 ON T\NvC£, TWO EOOAU.T APPlVCASV-E T6£.HN'Ov>ES 
WH-L BE OSES. 

coo Methos >. 

Have .. <Tp ■ 'Ja *■ *?Wa 

The GRAPHICAL. REPRESENTATION OF TH'S EiROATvON 
lS THCN AS SHOWN. 

**— t - piRSI NOTE.. 

W\tf Ph = zooT *> * J<j 

\ /^V lV=> * iJp 1 * 'to 1 * Zoo* 

S5p\ * * -l(\liS'HZfloVDSU> 

w»w\ oft. Ajj»* rvA^SL’ 0 ?' I 

\ 4 ^ 

V—-*-° VNft sin Us* 


S!a = HO ~X 


(b) M ernes 2. 


oft. ft. * "ilo.lo 

. PM* A • 

,\ Jpil-VHT J)U.t 


ft = ITS* 


11.123 CONTINUED 


Mote that ans Q.^ most be parallel to 

THE TOP SOAFACE OF BLOCK K. 

iaa Have .. ^5% * ^Ta * vW 

The graphical representati on of -thvs ecxoatvgn 
vs them as vwovjm. Mote that becapve \ >s moving 

SOWN WARS, a MOST %E MOWING OfvJABl RELATvvR 

TO A. 

—j Have- 

\\A°‘ ^> eNC-3K6 H''-Vfsa* 

Wo*5 os. i5^*a.sna'-j 

\n. ans _£_ t a^na 

TSjtN. Sina sin 

fJL* T ,. 

2.S*f^V Oft. 0E» 14.Ob 

:. aT, s a.s^t V-54.* 

(b) The same TEovNivivjE. that was v>se.b to 

te.~Eft.MiNE kT w CAN BE OSEJv TO bETEftMiNE 0.^ 

^^l Alter native methOs vs as follcsais. 

Have .. a*.'- O*, ‘ Iaa 

* U* il + lZ(.-Cos»Si*VNVS“i^ * 
s-(S.SSH (Vvosa'^k.'ii 

oft a fc * b.Ao sa.° 

* Mote the orientation* of the cooRVsiniate. 

AT.ES on the SKETCH of THE SYSTEM. 




Have .. ^0 « *i?a + <S^ k 

* ^TLO^ CJ^fc vJ V* s»*4 2_OOC“Oasisj - 

* ^Yi - VwyxB* ^Yx 

oft tJy = \4S O ^ ^iuav 


^■ ,v en 5a'*v.1^- _ ~; i*S,> 0 *o 

o.s^. ~y so* 

(va> (x% 

CO <k*T 


Have.. 0^ * V.t 1 * O.b*'- Z(vi'Ko.S>cosSo* 
oft c*b *• 

ans o.s . o AS&AV^ 


oa a 1 E2».L 

.\ 0^ =b.HS& ^^Tzvi;- 

(bS f Oft ONiFoftMUT ACCELERATES miotion ■ 

'J’s ’ ■*• a*'- y. 

KT t* 2.V -Ja * CO.ftSb4b^Hi^*V. c )"« <; »Z S 

oft ^..i.qn^^ftvb* - 


(CONTI NOES'* 
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11.128 CONTINUED 



Then ,j t «-VV.&SU1 l\6 ,szv\ \ 

« ib.Azoh ^ 7 is-tvt* 

t,o.‘t vVne.. fJc.1 *• tS.i* 

If ijy, to veftTRAL, then v*St)«.\*o which 

ITMPL'E.S uJ«X * 

.'. - r-5^ casio » - YBSv.1 

Oft |S* h Y°>1 "Its-ICl 

^ t 

Tv.E (JftAFHiCAS. AEVftft.S&MTI>.TvON OF THIS EOOATION VS. 
THEN AS. SHOWN, 

• VOft TO St MiNlMOR, 

^ ^ ^ 

\ \ ' J 'ftEftPENSlCOLAft TO \S % . 

\ .*. i5 % -vaaitflcoseetw* 

£-i*\ 1 ■£.. 

\ / oft. s^s'O^ 


1$^, NS TN£ IVAG LANAS 
ON THE ^ 


<■**>„ S.nYs * U.±\) S.nV> 

V\ov^.ovfriM- (vycrtiOM (.oniForvA 

* ’ x° * l i*WU.t 0 jo» * \^»\L . 

« FI.S c.os%o* )t » t.Scos'Vo 

VERTICAL tolcfVON (.ONlT. ACCEL. MOTVWI^ 

T->'(''* s Ot\ 0 \‘ I'ji 1 ' ^ l,S »\* <iV 

*■V.S * U.4 ninSo )t- x°^-' ~ Z-SsiNSi - <}t 

TrtC EooatiOn of the one C(xuHtA^ with the 

TOP SOAP ACE of the. EIELT iS 
H = X TNN lo 

TftoS, \NHEN Tw£ • E.AC. REACHES THE Atl-T.. 

V.Y ♦ IZ.S Sin SO 'Jt - Vlt 1 « l.U.4 COS So H.1 Tan io* 

Oft. LlVZ.Z'lt 1 '-* Z.E^CjoS V» Tan to - SiN3o)t.-'.S *■ o 

OR 1S..I !*■-O. M.\°i&t- \.S . O 

Solving. .. ‘L * O.YlH^Z. S an*> l--O.W'Us tREHST 

T*« VELOCITY OF THE SAG, AS *T LANSS ON 

the seer >s then- 

•Jh ' U.S cosSo’Ji »t i-S SiNSo-SZ.HO.SvftftZlAi 

* (.2.Uo**^i_ - 

Fm*ux~ *& * *Ta * •Jm/H 

c*. •= U 'v»sii-9 c>SW^-4(,coszo^*siNto 

H-awisi 

oft s5*^ »I0.S+ s 7&i.V^ 


From the Diagram- . 

<.vS T \« is - \S sinAS* * U.'i'ViA H 

IU T V « \S Sin AS* • \O.IoOW» ^ 


flftST t)ETE«V\IHE THE VELOCITY at 

THE CONE AS VT LANES oN THE (i&iy/ 

»>ELT. f^OVN- _ _ B _/ 

LF>S«.\l 0 T-<,i5i.^ a cosSo » - ^ 1 Cos So 

11 sStV*^ • -SIN So • - Sin So 

HoftlEONTAL NOTION (.ONlFOftXl) 

<^v * l^VU * - u COS So* . 

«-V8sm ^ 

Vertical ihotion Fonif. ackel. viotionI 

* LW»V£ - ■iq tM-'itf) (V«i ' 

kt the SELT. » (.- S Sin So 'l'- USZ IS(,-S') 

oft WtF, * - \B.S1V1 ^ 

Feontinoe^ 


*3» » s?w|* 

EGlOATiON | THE TWO CASES AftE THEN 
ftEWSESENTCS AS SHOWN. 


LIES ON 
THIS LINE 


U-ONTlNOtS') 
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11.130 CONTINUED 


11.131 CONTINUED 


WiTM lT w NOiN SEPtNCts, the AEOve til IS 

R£tsRAVJN P04. THC -TWO CAVES PSA O.ABVTNC. 


Not.mc. twist 
% -» \acs- 

= 4o*-x 

«** >5vj_ . *_ 


UkVlo’ 




(HEN- »J~o S ,5,, _ ~i _ 

Sin&** sin Cn*-« ixl sinT* ' siN^tV-M 

EctoAT'NC. the ExATESS'onS PSA i?.. 

Sim & ^ Si k>V 

SinUA%»'> * siN'rV-*-') 

PA SIN B* C ViN AT*cove - cosAS' siw*-') 

5 SINT* l. SIN AA*CJOVK A CSSIA*SIM 
oR _ VN& SIN l V- Sin VSin A l' 

i KN Os " ^ « 1 ® " * 

SinB oaSIS * SlNl cos IX 


4> * tBo'-C So**eO 
* VSO- OS 

►Sw AO 


X - Z.OTA& 
S SiM&i* 


, St 

* i.otA ^ 


Sin SO* * SIN iso’-x.'l SIN So* * S.IN ^iSis’-Jtt 

’TwCftCPOiTt B _ AO 

SIN (,4o*-X'l SinI'VS-*^ 

Oft Sin '30C0S#.- C&SISo Vna *4-tsiN Ao CCAK-C.0S4 &Sin O 

OR _. SiN'SO-4 sinAO 

TftNA ’ -;—;--—b 

cos I So - 4 CosAo 

OR. «s * ZVAvA* 

Then - . s Sin So* _ 

** SinCAO- AS.^loA*’) '^ q * 

V%w 

:. *s w — v; ^Tblo 


GmCn' £-„, % y vi ; 

,5*. • ^v_ « S*ls 

Pin»>: »S^ 


11.131 


Hsve .. * »T V * 'ifs * *5. * -«t 

TwE CftAPRICAV. REPRESENTAtioNS cP THESE G.ONAt'iSNS 
SEE THEN AS SHonjn. 


f^c UES ON THIS 
/ OnE 

2t*« 







AS-O'. 
L'tS om 
TU\S UME 


^Ss’ * s 


>11- s's 


sinUA** i-tnia*) s 

vt . ^ 

iS^.'.OAft-? i^Z.OT 

^•132 Given : <s*JO,* AO^ N,CSy fc \/I ts 

<NV) t * So s, VO witw SHE 

VEfcTlCAL 

AinS’. 

Uftvf - ^ * (iJk\ * Wnn\ t?R • * l$«*\ 

I WE EftAPWICAV. REPRESENTATIONS OP THESE EOoATKSMS 
Aft£ THEN AS SHCnjW. KionE TWxT the uMC 
ACTION OP 1<5cv0l MOST SE SiWECTES ,\s SHOWN 

SO THAT THE SECCSNS VELOCITY tSlA£»«AV| ‘cUSSES." 
l*V>, 1 ton , Wa\ * Acs s: 

1 ^ 3 ^.“.. -a 

ucs on ? ^' s UK£ 

THIS ONE 

fftoM the e>iA&«aa>ia.. » t Acs* 1*SA)»1tan i^»* 

AN>> IOr.'Iv, s t V> " l*Sn\1 TAN SO 
E-GnatinO. THE EXPRESSIONS POR tNV\ — 

[ Aov IO^^Itan'^* « l SCs- OSnV^tanSO* 

**. *■ afeioi ^ ^ ^ 

I HEn . . COO^ * C Ao + T. Bl O c i'l TAN li* * l^ : aicfl 


11.133 


Given -. |5* "i?, 
p- IA m 


lA in 


OR Q ft * ^ 


UON'i'NOEts’i 
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11.134 


G'N/Cm : C.\R&JCNR TRACK ot ci 

FlNTs - . 10.1 d WHEN tJmTlNf, 0.tx»Vi.^?- 
C\oV aT WREN d « \ 6.0 ««, a,*' o.'oq 


(a'l First NOTt_ joi'h’Zo’? 
Movi- a n * f-*" 

oft. 4*. ( - z -°-S'> t 

1 VI 

l,V> fuse a* * -Hi- 



OR d * ZSO w\ 


Then- (3 l » ^U^6\^Xi‘ 

OR Z = f3.C>\U^ 


11.135 


or ss-az.'^'^' 


GsWGM- 





Wane _ a n a ^ 

'Then.. ldU»*\X * VVJVZ.^.'Kaot-t'^ 

«* * en.'w £ 

OR < 0 5 >^ H* 


11.136 



I G»'VEn 4 . tl a cV3** ^ ^ 

tb ROU.S on A, 
8 Finis : d B 



la' At \ I 'O l J^«0 vjvavCR tww»i.'«S 0 AaU sO 

•’• a *«< a A: ** 

OR 0^:10? 

IV.'I VUs£ ON.CORMOf ACCELERATE*, MOT VON... 

I — *_/-. \ i. 


At i=is iX K * (.zo s') 3 Vo s 

<W. (CVV * -f - aim? 

Cinru-t , <xt * (.a.^^ a (a^ 

.= aoi 1 * in.'vm'i 

^VY. 


11.1 38 C-vXSfcN '. d ' ISO mw, ^ * AS ? ; a^v constant ; 
AT ‘i*'V S, ,J«0 
F.NV t MVVEN Ov* Vo s'- 


F'RVT note THAT ROUUNtv XN'TAOST SL.\t“>vNC» 
IMREvES (.-JcV, * C*5cV * 'Sc. 

Nova.. tlOc^X' f K rns 1 ^ 

d% 

WHERE * Z , 

~TaEN - : L ^Ac\ilg ^ *- ^ 

SuASTiToTinC*.. IZ.lo im-H 1 *- sO * iZlo1 X O 

OR. d B * O.SOI 0 IN. ‘ 


lUst ON'EOftMl.T T>6 CEE£RATEIs MoTvOn.. . /> \ 

A / P 6 0.»ttw\\ 

z «■ j.a o^t *\[' \ ] 

At i-S s: ©. 4S ? a \ 

tvs \ / 

or a t >-s "5- 
Mow.. a l *a\'oi 
VJren a=4o ?L 1 AoS^sl^vOk 

* or cu * y».i.e*. ^ 

VUsi .. (X* * f 

"Wn »5 t s (.Tfl.oat.g.^o.lJ.Swv') 

C* aS • Z.ZZ1 * ^ 

WNiiaX .. Z.ZZT *ASTt(.-Es vX 

CR. 1 *• 8 “ 


11.139 Ovvien: d « AlO a. • a.* constant 'V s 

Finis'- Q RT 


Wave onvtcbmct Rcceierktes mcann.. 

:. vJ t l * tf, 1 - - za. a% a 

SoK,TvTOTvNC»« C14 • 5 ?'* 2.CU W 

OR V l^ 

AuSO.. tS * A 0.^t ,. ,. 

At l»l« J. l4 t X a (.ZT^Xi^ -. \& s 

Moxr.. O^t i .Rvi ft, 

. . ... ^ 06 |M , l.^AZ&io? 


f p=Zio$t 
r S 


At t» X s ■ 


zto Vi 


r- -V -1 -T 

UnRUX-. tt. * O^A Ot. 

At t» z.v. a 1 * 2 . 1 a i svz&io 


a* Z.Sb^ 
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11.140 



ASo ♦ SAo - too 


twty. a* * 6 •?■, ^ x v 


t-|M(l ‘ *.0.1 *r a ^ 


1'X 

L6\ 


11.141 CONTINUED 


»> Nf > AT t (OS’. kT« CONSTANT a • (Xr, * ^ 

a«.a t *> 


oft 0^ i - i«.\AUo> 

( ME EAR \S SECELERATiNCw , HRnCE.^ TvV= TAvNOS S*c.v0. 
TutN AT 1*10 s’. - J,, t-e-siAwo Chios'* 

o*. >s,- •to.-m ^ 

Tvsem at l*ov a MWk * 


11.142 


I'o.qS^. M 


^■=-1 ’«?■ 

gj^ 1 • 2. ’$■ 

/\ P ,M <> ■ Ca'i is^ 

^ **a 


f »rst mote .. ij; 0 « zo ’S: * \ ^ < 

VUilE THE CAR IS ON THE SWiifiXl TofiCTiON Oh 
THE. VW1UWAY 

0. * avTAMQ*CT 1 <x± 

MAS foil, THE Ci*£aj|_AR eX'T ftANlR 

a* faJTaT 
WHe «£ (Xo ■ y 

St Cj»£>e.i<VATvO»4 1 & MMl OECOftS iaJAEN iJ is 

MWIMUM, \MA*C.lA IS KT 1*0 VMEM THE CAS. 

RiftST ENTERS THE ftAMi*. 

VoR ONvCoftS'icT SEC.ELEAATE.iS Is/IOTiOM 

a 5-= * a^t 


_ Vl*a to t»i> rv\ 

f-|RST NOTE.. lloft. H = 4S S 0^* IAA Vi * 4o s 

(.or Have.. ^ * *Ta ♦ »5Wa 

Ti-IE ERAPR'CAl REWtESENTATiCAl of THIS EOOVTVOH IS 


THEN AS SHOWN. 


*6.= "»v 


►Sb^ * \SZ l * lAAlzO'-iV.IAA^COSlSS* 

Cft. ioS.S9 ^ 

■IS IAA , SOVV) 

Sin a Sim "°S* 

oft. A * I.OSL,* 

;. ^* sos tT ^sisT -M 


Cfc") F RST NOTE .. CQaV * TtO 

M ~ iff* ^ 


('kvj 
”Tv^€t4 *• 
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"Them i- s V.-W covnl. % * &TT It- '1 

xmx r ». ut\ sMuTit 8 ■> 8n 

Art 4.= I s: Ti (O ik). © ' - Vn RAX 

r »- (•’Tv "Vv 0 i O 

f- ‘0 § * 0TT *^/s l 

(. 0 .N Have., j, fe r * r &e.& 

vo tmw v ^a r 

1.0 Hxvt- 4 ^ - P® l le r * (rOstt-eie^ 

x IaoX8tOS% lM> 

uj or. a^*- l6on ^ 'le^ 

0.-4T1RAX 40 Wave.. 

vo tmxt a» u -C 

vL. 




GlVEM ’. £ * l- covnt ' ® 

r-wN^t-s.^-exv 
(.o') iS XMX O XT 

Uo 

tv*') xmx a xt 

t» O.'v «, 


IV4€.K4 f" « 


r =-£i\- 


^ Vt " r ‘T7^l 

r* . . • - KlVKtet O. . -71 

i hem r »-—m » • s» 

(.x - covrcVr 

XnX r Tco&TvtU-covTvlVv'MTiUgiTV'M-nt') X 

41 - tov-nW 

! _ J, ICoVTVt - '- ViM^t 
41-oBvntV 

40^ kr t-o: C--Z yt\ 0»O 

r » O * “0 ^v k 

r -s - nr 1 6 » O 

Ntova.. *J* r§r-<-r0e 6 * ciM^gs 

cf. *Js4iT\ Oe 8 

XMT> . 4 -V 4T--r8 t ")e r *• (rb*-ir©')e e 

= L*«' X -<.iXt\li l ] St . 

c*. a *-44 t. i}-)Zc 

S«0 l§« 


^Vf^v -® 
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11.165 CONTINUED 

At r*t*r> 


11.167 and 11.168 




l R».S 

• RjsS 
9»T\ "C 


e -° 

tiavj.. isj i i-z r a r6e e « l^e,- * 
or £ •» 

nwb.. <x = U-r9 t 'i| r * (.<-© + Zc9^e e 

o(k as-li 5-1«r * 

b--^R» Sr | 


a >-— 1 — 
1--»- 



< >wem : "FhE RSCTiunEMC 

MOTvOM Of K RACE 
UA NS SROimm 


H*.VE .. C 1 COS© 



1v\£»4 p *. 


bB S»m B 





11.166 


*q\vem : r* Zoicosb ( i>l 

FinO '■ l.a.') tT nms CX. 

CM p 4 PKTH 09 •ME. SrRTvClE 


(,a^ Wvt. r«Zaeosb %»ibt l 

Then f * - Zcx b sim& b> * bV 

NNf> r «-Za.16 sim&* b^coxb) e»b 

SoRvrilOt'MC. FOR 8 NNS & 

c s - Zabt sim b 

f* » - ZoAj(. siN&* \st l cosb^ 

Novj.. rS r * r 0 ^= rb 

« - Zo-Wt sim & * ZaWt cos % 

Then.. O - \ &'.'■+ kS^ l «■ ZaVatU-VNb^v (cosbl'Y 1 * - 

>t -OR tS^Zabt -M 

Also.. Or'^-rB =-ZabCsiNbAbl , 'w>sM-Zab l b X 03sB 

* -ZabCSiNb * Zbt x cos b> 

Aims - rb +zi-b * Zabcasb - Aab't* vm& 

* Za.b l cosS-zht , 1 simM 


Them., o.* \a r '-*Ci s f 

*. ZcLtA CSlMb ♦ Zbt . 1 GOSb^ '^COS 6 - Sim M } * 

OR Q.- Zab\u 4 -b*"t V 

Cb) Movi .. o. 1 -- * a); •» ^tY ♦ ( ^ ) l 

Them .. df * Jt UaVA.'i * Zab 

so thnt (Zab < \ v 4 s l t*Y' * UabY* cci 

ob. A^b*- {\+ * A-aV*ai; 

OR. (b: 4 -alst x 

Finally- a f « f.!^ 

or p * a 

SlKlCE THE RNSioS OC CoRVAfloRE VS N CoNSINNE, 
THE T>NTH vs N CIRCLE OF RNbvoS a. 


I b V b*l VifjS '■ in TERMS OF b v b, NMS b 

\Ame- a 1 * Uc* 

_ i bB B \ l / bB \ l 

" \ "v^BT ) 

oa 

For the positiom of the cnR shomm % ^ is pecrensimc., 

TWJS, THE M&LSTvmE R£XJT is ChoseM 


Altermntwe 



•fr '<~e r 


Chom the SiFC«.mh.. 

f *- xS SlMb 

OR JS.Mb 

bfe 

or *y»* tos'b 


U.\(oS FiMV . 0. IM TERMS OF b.b.b, NMSb 



FOR RECTiumENR N\OT\OM 0. - dT 
Fs»*h the SoLOTlOM to ?rorlem\ U. Rb~1 

cr«. --^T. 

<LOS 1 -0 . . 

A # H»b \ . ftC0S , -b-bbZbC»sbs.MV) 

c* o.^c^Qle+zeVxMb') ^ 


g- W • SbSlMb 

From neo/e- r * r * CoV l% 

Thix r -• fc, ‘.bSiMb4.b t ci>sbY > aasb^-CbSMbX-Zbcosb smb) 

cos'% 

. r ESIm 6 b t (.^SlM l b'> 1 

* ^iTS'T * cos^b-i 

MovM.. 0. 1 « ar * 0-fc & smb b\M Sim x 6) y,^ 

INHERE Oc * T - Cfe cos'b »""^sb 

_\^(6vm6* 

ccsv B / 


VcontimoeV) 












11.168 CONTINUED 


11.169 CONTINUED 


Or * 18 + 16 tkh^ 

cos’‘6 v -i - 

K ■ «i V>& , b6 sivn^> 

KWh a 6 x r6 * Z. cos 1 -© - 

,rtSw a-i Arr ^ * ztf‘-nsM^SNH©'\\ ww%tY* 

COStt 

For the tosvtionn of the os*. ‘.houvi , % \s mec*"vc ( 
for a to "at toutwe, tv+e negnciive reot ns chon**». 

* n . ^ l&L _ :\\ ^ 


CjR jJ, ., d8 TKwfe r iTM+b+Nuft * COvS y ~ i'll 
^TXNfrto+b-s»+%^ v I,txn^<a% -s'*»S y 1 

» * d 6 Tism \ Tlsw’fr »N ill 

< T»*iS!> U>S%-Vl*4%^ l. _ lTINM^«»S% - ktM & V N 

NoSE. W+ N.S $> tMCREKVES, The v+E\_\CoME*. tv\c,v«.S 
IM 'ME iniSnCRTES SiiVgCTlONN. TaoS, THE VOIVTvnIE «OJT 
>S C.ACMEM. 

' ,5=. deTKN&S6£.b 

(.TNNI^ «a6 


'■• ◄ * 11.170 


11.169 


GiNMEnN ■ StW+'EMiT USE TRAOSCTsR* CP THE 


AEUCORTER «OWM 


F>ws ; nj in -terms of d ( |b, 6, KwsB 


a // 


h I 

-lUa* 


OiNVEW . rT, * comstnmt 

Fivjt, • ■ © INI THUS OF 

di, Vi.t>. sss © 




,A-V"" 




MNlOo-frl Slw(|N'S} 

CR. r(.S'Nific.os£> +cc*.f>siu8l 

» Vi CCS ^ 



or r -- 


TNNlfi COsB + Sis® 


From the biRCRAw. 

-r , — d - 

Sini;\©o-M sisl.P>-B> 

or. dvnjp> * r (siw^cosft - cos^simB^ 

•» r • d _.., T ”t -■ .. 


or r , d - lb n|- 

TKM^SOS©- Sim© 

. d eTRSj, ■^M?»Vs'6 + COsfe 

(.TRM & COS© - »br 

From the Siac»r/sm 

k5r - i£ COSl.fr- fe'l \maERE nV‘ 

Them 

dBTRwfc ~nwfrvs©+a&^ . = ( 5(u5e.p.ussft+s>^s«n»^ 
C-dsn^ws^-simBI 1 v 

* kS oos^^-nsspisiNife + cos©') 


Auso-. nS^-nuI, sis((Si»9^ where =r6 
~u+e«» i A 

---— - & I siNifuys© * COSbsiN&l 

T»wSiCosB»SiN6 M<A p 

OR. 6 « vSm^ 


F*UKl 




Them p. ^ tinm£sihB-cosB £ 
C.TNNI fr Ci>S% » Sim S\ l 

Nona-- Ft*’*’ *■ •Sg 1 » l<"4^ 

OR r E rva TiSM&VMfe -cos© |C 


, r E r , A TiSW&SiMfe -COS© it. i V> fe _ n 1 

° ' ' tTAJH^CoS©-* UM%^ 1 I * V THNlf>Cjsi.f>'. Siu6 ) 


°R *s, - i 


n. ivl^ - COS 


_ f CTNMfe + IVJT 

i+ +IM& \ ^TTsNl^ COS 


cosfe^ T ‘h 

v 'i 


OR tS- 


d6TNS8>SEC.^ 

V"V>NNiP>«>sb- SK+BI 1 


_ ^ V»4 _ f -nM+ t /?>♦■' l’ 1 

T«jn{i«>s8 + Sin 6 l ^TRM^Cosb * SlM ^ 1 

Note, tart rs ^ imcRekses i mej+nwer ^C. moves 
inn *n-WE iNNhNCjNTES •hiRBETiOM. "Taos, SHE rVasTivE 
ROOT NS Ev+OSESN. 

t *. e- !k^^.(TM*j! > cos8NSM©f •* 


Hrve .. iNr 1 --. iSr + *(.<-? + 1<T&) 1 

ObiNNG the EsPRESShunNS For «* KMh f FROM KhiavE-. 

r ,k „ TKM^SIM^ + COS© I 1 




I I Cn TKNlfr \E 

TRNfiCOS 6-S'M© I 


(, COnnTi HOES') 
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©,= wo, © L * is’ 
&*•«.’ o.ss; 

Tt\ 

»W 



C.WS-K '. (S P ARTICLE Moves 
ALOMO. THE. SPlRAE 
Wwn 

tS IH TE«>\S OP Vs, 
fe, AN** fe 


From the tsio&RAM.. 

= IS DSN to - 2S TIMM SS* 
= ZS."\*VV» w\ 

Now „ ,j- - 4T«i. 


Ct.l 

- ZS.TH.W 
o.S % 

- *».■**» 



r *l- 


OR. •JV.vt. - Vft'a.'l * 


rO^ • Iff* 

--(.-^ef* 

CA *S= 'g 




11.174 



CwtN: A PMTiUf MvWES 
AuONC. TVVC »*AV. 
SWOWW 

FiNV - *T if* TERM** of Vs, 
fe, ANl* 


r-U iD 4 
f . b%©i‘ 


n3 l r nS,>* .S^ ’ Cf) * Crfe'V 

nbBeo.^tv 



Have .. r 0 - v>oo Si 1 10 
Q * YMo St ^ » li.l 


Fa.OM THE bl ARRANT.. 

Ar l * Wvnzc’'- 2ttoooXYtto)cosUV\*-io} 
oo. &r = %LZDo *1 

Nio *- -g- 

suzjoJM. 

‘ 4* H 


11.175 



O*. fS » bfcQ- 1 " 4 \* 


Given '. A. i’AflTTH.VE MOVES AUsNCk 
THE VjMyH- SHOWN', 

^ « O » CONSTANT 
Pints' . a IN TERMS OR Vs.fe, 
AMS ui 


T ■* I* 
= 'Vo.UT's ^ 


ca (S W >W.8K 


Also.. W tosfs - cosfc 4 - c a cosB^, 


• zbft _ z.W» 

r * ' ^ ,. 
• • . -■*>% 

r.-lW-a-' -ft3T 


YSZO cosZS.l - "5000 ossio 


■»><.*. DO 

OR (b ' A-D.1 


MJS * • qZ 

Now- O^sOi^sClistc - (rjj^* ir-feY - 

or. a* VsvMtf 1 -*©* 
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11.176 



11.178 


Gwen -, K i>*.-iicue Mouts 
•.ljong. fi«. vima. 
MWWU; C£>NVT(SK\ 

Pins - . a m twas oc b, 

6, KMh ai 



W>v, R* K 

4*ut l 

P'!*<>'• if Null O. 


Hnvt.. 
Then 


c-.b«A« . 

, lai i ai 

0-^66^° = feo&a'- . 


r =SBe».- * boBi" L , t 

o - Geo(6 q. 1 ‘^.*6 6q.'' ) q}~ ^ i * 6**} 

a - Or' - -*0* * (.r-r6 t ') , ‘ * CrA^\f feV ^ 

= [to/l"fcV Goe te, Y*UGo6a . ie ) l 
* C ku> a* 1(6* 4^> l ) . 


OR a^Gfetoa' - H-iB 1 


11.177 



H^ve .. R.* A 9 = wet :=( At 1 

T«s»i R*o B*H\ i« tM 

anv R-O 1 > 4.K 

Novi- *y v - .X* * *s^ * » (.ftf* Uft')** lit 

« C> * 

* ^-t l l 

a OR |3- ^V(iwt\MT * 

Knb.. (X 1 ■ a£ * a£ * o£ * wf-W)\c *&*T& t* lit 

-- (-Mintt* O «• (ifOt 

* a 1 (iut\'* i) 

or a« ifU<-4e\*-*e " 


Given -. R * ^TT , fe- tt , l * TTT 
Pint> . la - ) ir Kwb a. vt t*o 

Ob', 1 S (SNb <X *»X !■* ^ 


K ‘A 

Have.. R.-t*i’ 6 * Gt 4 * v*» 

lHRN 

.. ZK .. ..* 

Anb a*i? & *° i 


CftOm me blMiftAKU. 

r l « ct* G l - 2.dbcos4 
Then- 2.rr * 4dV isin'*. 
Now-- r ^ d 

siMd ain9 

■>o r- - d 


b ObVTiTor I MG POA C iM ini S.VpRCV>IOM PoR t* 


.. J 1 ' ovt * (x* t* Wit- l*t* U*t* lit 

a 1 * ia*t* ia*t* texo 1 * 


ia') Rt t-o-. R= A 

i*-K 

A* IA 

Then.. IK&t+lO 1 


l *C. 
i.-tt 


c« »S*\l\*G l Vt*C. 1 


(- dK, *> 


oil f * Gij> sin^ Ci-t /b. 


PiRvr note .. tb * -(£* ©1 

Now.. £ » (j- r + ir, « re r * i“6e* 

VJ.Trt 'fe A.S THE ORitM-J.. f 

/J^ = d4> (.dveonVTWi -*>d*0l ' 

Wan 0 ax the oft.io.iN-- 

VlrtERE l^ r «*T r XiNW. l^f)y/fP 

Trteisi r t d<J> xin». v y 

Novi-- .G d 

M*J0t bivl 6 
OR dVNft 'V>VN% 

Tncn-. C*V.<#>vn^ Gi.t.b. 


A.Kib a 1 • UK- t-zef 

‘ 4lu* i6 Jk ')^vC l l 


(.G') A>s B.*i^ 

R« o 

R. -o 


oft. a-Ai^AG'^c 1 


4-0 

£.o 

.*. S’- o 

moS ft* O 
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11.180 CONTINUED 


Given -. r * (, R.A >1 * e. 1 ^ * i .81 wmc^OV 

FinS'. T*e NNCAE TVlW TVfe OSC-OSKTlNC* 
PLKNE EoftMS VJvTH THE ^ MVVS 


This. ftNO-E (S TWW THE OSOJVATivvC. TusNE FORMS 

vwth the ^ kx\s (.see the jvscwe suHSRftM} vs 
egmrv. to 

(S* W.- 90 

Then cospv* c£»s(.f>49o}«- swafa 

. . a _ - vU.Z.acqSi*') _ 

* • ^ UH^*oieVAH^Ou^TV'» 

c1\aco5\T 


plRVT NOTE TyAftT the VECTORS <J NUS ft Ut IN 
THE. OSCOUSTiNC* RVJsNE. 

rvlovsi- r - (.8.1 tosojL'ii a cA^ a- (.8.1 unuX/iAV, 

VrtEM i 5 ■» v R. (. CosO*l - 0^,1 SinO*!"^* C.i_ 

a ft. (.SimO^A-* OkiloiSuXjlIV 

)>J - 

- R. (->A*S\NO m X- 1 >>nSlNO H l-td M ltjiSlO N V')i 

vR-^cOrtCosOul *u\,o 3 SO ( A'<oilsiN< 4 4 t')V : 
C ES'NO«l *■ O w l cosO K lV 

4 (. E COSO„Y - 0*1 Sin OntAV \ 
OV.Ui\NS thkt THE. VECTOR. (.vj-vft^ vs 
>A TO THE OSCOSKTiViG. RV.K.NE. 


RV.lvCwl 1 ) 


HNS 


Gwen: r * (.Mcasl>i*((s(l l »i )\ *• siul)V 
r-U.,l-s- 

TnW . (.a'l "Direction OF gv, M 1=0 

11') OlRRCTlON op | b (ST 1= \ S 


aSCOV.ft.TlMt, 

WANE ^ 


VvRST NOTE THKT VS C>WEN E>T 

e,-. -!£aSL 

Novi.. r = CSlcosfc')v +(MlS\ )i*- UsimI'iV 
ThEvj >5 * ^ * ’.(.cosI-IvnIYv v i 

a- (.sinIa lassl')t 

HNS a » ^ * "SC* Hut- Slftll -1 «*,A\v* 1 

4 (.cosl A covl-lsml) )t 
,--b^S(Nl‘ltOS^i* i 

■v (.tcosl-lsiwH V 

loA fcr A»o; (Sails')). «.§T 

Then k5»a ■» M* 2W) 

" - 

^ 


vr»a 


W,coso n 1-o w 1vnO m 1') C. W.SM 0^,1 *V4Acos u\j.1 
-(.2 SMO^t«U^l coso^t) C> (lCO» 0*1-0*! ViO*!) 

= vAvR.) C^2coso*l- cA.tvNftivl'^v 

* Rl~(.SIN cHA*- lO*tOSS0*1(2 VlNO*t A0*1COSOA) 

- te*'AX- O.jlsiNultXiCOO*!- A,! V(M Out')]] 
*C.(ZSANOnl* O k 1<OSO*1) 

'o^RlC.Ucosio*!- 0*1 SiwcAalM. -t 1 ')^ 

■* Cl2.»'*H 0 K t + lO*t COS 0*V) Vl 

The A>NtLE ov. formes «t the vector, lusg.') ans 
THE H \S\S vs FOonS FROM" 


Ihen e 


’ liT»a.')Ui| 

4 4\ r ' 

l ( h- » a = o„R.l t l U t»so M l - o H l stNa^lV" 

4 <^(2Su<0*l40 tt lC(*0 >4 lf V* 

- CV.RI c\A. * oil 1 ) 4 K\i4 0ii* TX* 

_ -o M Ric.2-4<^>il*-) 

CC>SX 1 cO M R\.e(.4*coil l )4 R\ it oi t L T ) ’It 
_ -R.U4ojl 1 -) 

tc.\4*oi e) 4 R. 1 (.14 oi tf-YJ'h 


Then-. *5»9b= ~ l ' 

■ u ir^Y y » ‘^1 

*~t UtXo' 11 + ^ 

+ l" 

» - 4TS^i- iS.Aoiiiiv ll.W^ 1 

M4S \ *J = ft\ = v t- ^.AS^fevY* V 1 * 

- x^.v&aE^ 

Then.. e fe « ^ (.- A.A\°)6^1 -vlAoZIO^ aU.S9S S94') 

. e- l.V¥»gA f. . v^Ao zu> r . „ _ a.pvHsq 

.. vcv.vfe-e,^ cosb^- v<^,vftft25) cas *R' \9.vaari 

o(v ^ = vcft.A 4*)A 


(.CoNTI*ooE!t») 
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11.182 


-—- CxsJSs^.- X' Z4. S -WtNt4t*4 X-YA^-S 

FinV . to.) \ WHEN »J *0 

tvs') X ANS TetTXY. SlSTHNCE. 
TRAVELS WREN a *0 


Mxve .. x= tt*- rtA*v 241 * 4 
"Then kS» Jt» (.I'-Sot * 2.4 

a* * \z\. - so 

1<X) WREN kTbO: U4- 1 -'Sot * 2-4 *-o 

ox l4.-i)lt-4)«.0 

oft t.= \ s mis t» 4 s * 
lb) VjHEN CA=0' iZ4.-"iOiO Cft 4.*25>S 
At 4.- 2.S S-. Xj S * 2.U V?-\«»ll.V|\. 24 U.E) *-4 

eft *-S 1Y\ •" 

FHWV OBSERVE THAT OS. 4. <• \ S tS > O 
^Stii2.Ss a5RO 

Now-. AT l-o: X„* 4 w\ 

-L* \ s X, * 20)'- \b0) 1 * 2.40) *4 * \“a w\ 


l.4« Aw \Sw 

UAs) 10) O S) 

IHEN-. X,-X,» » \S-4 1 Hyo 

lx*.s -X,1 *t 'S-'S| * 'VS w 

.*. loTAE b\S7ANCE TRAVECEX - 0W CVS)™!' 24,Sw\ 


111 83 r- m . 

1 11 1 °° C-i'VEn : a*-UO». a- s», 4-w ; AT 4.^0, 
iT»0, X*4w 

FiNV . la) <J WREN Vl» 

IS) «7 WHEN X s l W 
It) aJ WHEN X=OTW 


HamE.. O-^f ~ CX *-A.0X 1 S x ^ 

VJmem XMw, »3»0: J 0 tfdiJ - J^(-WOX )<** 

OR ^ir 1 . MoLx' 0 '']^ 

1 f JL *\ 

ox aJ « 24ol ■(% ~ t.1 

la) VIren x*2 w as 1 * 2.4o(.^1 * 4^ 

04 aJz-I.OS» ^ 

(b) YJhen X* \ W. AS 1 * 24o(,\- i.) 

tft aS=-I0.AS ^ 

lO When x=a\w: *sSz4ol<gnr-i) 

eft iS*-2.V*> s 


G>'.V 5 N : iJ'aS.-S.x aT~ s', X~ 4 \; At t* 0 ( 
X»0, aS» • Soo 'S ^ WREN X- 4 IN., 

Fins la) a at 4.• o 

lb) 4. when X«V) in. 


FiRvt note .. vjren x-* iz it, jj*o o = ox>^)-V^l4) 

eft V t itoo V 

la) Wave.. ^.aj^-Wx 

Then ca* ^ = ^l^-^x)*-W aJ - 

( CONTINUES) 


11.184 CONTINUED 

ox a.-wu.-wx) 

At t-o'- a * - noa 11 ®'R® s ~o) 

or a.* -z.4)vo ^ 

Os) Haue _ aS’aS-.-Xx 

At t^o, vO: ( V -^- - S t at 
'O AX-*^ 'o 

c«- - t.\.'-NlAS'.-Vx'l\' ' t 

e.R t 

When v V4 in.: i * ^ ln\_ ; , . ^ 7^] 


400^' 'A Vk 
eft \.»lVj.«a S 


11.1 85 | kwEN •■ aJb = 'o'st; AT 4- = C> i .^ f »0; EoR 
14 As, ASp »o; a,. 2.4^1 
Fins - laT 4. ans t nhen M t « 

Cb) rSp inHEn 


lax Fox \zo: s' 

S ? 4 |T] 

'tWS&iWrf [71 X 

£>,?ANSlvit» ANS SlNlPUEVlNCi.. ~f 

e-^‘b.e ^ > | 

Soiling... 4. - i.STbb s ans l*v\.uzss> s 

Most reooixe 4.">4s '.4.*>UlS'^ 

At 4 * H. w2^*> s i >-(p » lio ^ )l U s. 2 Sb s) 

eft g 4.T At. 

(.s) For t i4S: *5? « Oplt- 4) 

At 4. i u.c,rib s: a5 p *. 12.4 ^Xu.szis-4)s 


Cft >S ? - tQ.Tos ' 


11.186 




(a) Froaa tujc. siagsuvn 
HAVE -. 

t V- >ft) - c- X*V 21 -Xa.) 

« CONVI ANT 
1 .. S K 4 2. ' O 

^O^Vrx-tvJT'K^ . - 

kV*tl-\bo'^')*CS 

or. i5 ki )e»’T- 


- X t - A or. 

lb) f RON THE SAtftAN HAVE .. 

IXa- X,) * O^.- K k ) •- CONSTANT 

Then .. Ol * 2 aS% * A ~ a 

SoXstitut.kK, - - 'boo ^ - z l- bbo'^s' )*»%. * c> 

OR >J C « loOO “s 

lO Mate- ^ a5, " 

» - loOO - (- I SO S ) 

v»vn\ 

eft yi /k t4So s " 
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11.187 


CaWfeKt - >*' Comstmuiy, 

P 'N^ - *5a. (k '’ 4b *&- 


From th«= vrw>m— 

U • ® ' Cawi: * comww 

Z > o TntM.. jS^^sCj O') 

I CwaLt Z-. CMr-MrV W*-V> 

L ib p « comsto.ni 

^^1 I Thru.. A% + >St-l«Sa*vi Cl') 

A) n| ^ Comsinhos. Eas. O') rn*j U.1 

IE) lEJ iB TO t UM'U'VTE kl & -- 

z<s K + »s^ * iS t ». o crt 

Novo_ kT K j c * >r K - »y t «- "ioo r ^C c.a') 

rnS ’^a/o. * *Sa - ►S’o, = loo ~ 

Trttisi iV)x (AVIS')* 

►S’c') -v W*- «I-VxsVIicrj) 

OR tS^x (IS^rf t ^ 

MOO O^NG, icUSI. aT*- t-\l*JV lOo 

wvrrv . ^ 

08. kJ B xTb S I ^ 

ta.CW -YiS-^.-soo 

_T'TST'A i 

or 


11.188 


&vvty; j a x-Jo % ( ^>, * 4c>, 

Qt - \C 

E|K*fr '. M4S C^ 


F»«W NOTE.. r M ^ 

(»^')|»l^4(N+«l , S 0 s|vtt+ ~ V /' _ £ 

liT.Yj * >F 0 osv4> » Cio ^')tox4 ^ / I—F-—*~~ 

At-VO, fM_0*K. IMC-UNe CAV. - A i. 

Mi\ TRN ko 

UoRVtoNTRy MOT'ON Conform') ^ 

X* *2 ♦ V„\t * •**<*')! OR ^ 

VeRlKJM. t“lQTuON (.ON'*. f\CC£C. MOTxom') 

^ OJ.Vyt - - CVo 

SoSVT.TOTlNG. FOR t — t 

H * ~^uV So 

^ ^ at 

TRH<A " \0OO C V s^ 

An • . • . • da Sl-t da 

IWVb: *«4o, \=d,.: <V"**'° 

c*. d,,*lZ.SVt 

^C- 4-^,X.A' -dcTWkO.^^-^i^j 

OR d t » 1>\.Vo W. 


11.189 

Givea; (&\« 6 V ^k?w|x\h 

t-r^i - t, (**,0,. « 

PnN>> •• WVk&RR >S CONSTMM 1 


Fxrvt Note... kT,® Vi^R*UC>^ /f 

r 

Wmc oniformvx beitceRRTts J\i fxxsooU. 

(OOIXOM-. ’ 

.*- ^^-^vlOt^S-V) '4 t 

VJv,£N J-x aS^: t44^fxlu. s^*l.C^ t OSoft.') 

OR a v »-\,U\^ - !.’) ^Vs* 

”Tnf.m VjNtM RS * SOo F\ • .. 

,5 l = (U U.v^^-XsooVV') 

. » ZTCl.«o"l %«. 

IW»M - On « f -- 


•■ Wn 1 f ' -\4,oo CA. \.oto>vi X 1 

F.krvci-- a 1 ' cj; ^ O.&264S^.V' 

ofi C\ * 7 4A "r^ 


\CAJl. Kyr>OM CoM'F. KCCfcL. 

\»vpr* wviot - -- ( iA s, «^- ta^ ty«z ?) 

own B» • -\"5x» CiA vnn)tj - i^l,, 


Wfr.Vt .. ►S’vj * aS^ » >SvOx 

OS.MC. THVS EAOM.Otsi, tut TVIO CA,StS MUC TNVRN 
O.W.?>RXCA,x.VY RtCVtSE-NTRS RS SvV^MM. 


ut*. /f'r' w 

— -- ' / ' TRW 0»Jt 


ON TR\S / 

y , 


From tw£ ojagram .. 

|J W 1 . 

cr ij w »n.eA ^ 

KN«S TRNRX -1^— 

OR ox» WVR* 

T " tSvo*'"). &>' ! g'/!L<o\*« 


1*0x6^ 


11.190 G.WEN’. p» VSOO l\. , kj > tfsT, il^* Vo^fi, 

£kS, x X I'SO VL • CONSTC.NT 

FiN*>’. 0. VMRN ttSx^kOOFV 


F'RST MOT€.. I S 0 COSR • 114 S ^COSR 

CiS,'| a = iT 0 Jim R x (2R's y>m a 

CoNiFoRJK^ 

» U4COSRM 

kT ?OlNT %: IS x tz.4 cow.Yt 
IS 

OR i-a ' ?A CBS'*- 


V^ORlRONT RL MOTION 

Xx *s* tkJx^l 
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11.191 CONTINUED 

* C2A vnoA(, cas~") * J.4 coin ) 

ca . , _. \r*<l 


1 S TANA - 


nsi <los 1 <a 


nJovj.. * sec. 1 !*. * '■*• tan 1 * 

' W *" r ^tanx - U *'£ k C^W<M 

on. 'S.AS'S tkm 1 w. - "S-ianx + 0.49Vte =0 
SooumG. - . TNmCX • 0. lOlo'H'. Av*> TAWCl - I.^ZASZ 
TrtEN .. tx = ta.O°i* anS <x*Sft.V 


^•^2 B G'VCN 

PlNh '. iOk) ^ 

,yf l« ft, , V4Ut«t 

' 1 3 H* 1 


X, 

/• 



.s* 


(l i*V 9 -s = -*}} 


<?a--<J> 

&} 

i.a'J VWe .. (c^v, ’ “ft” 

ca .j^ - L s (°> S' ^ V\ us **) 

oa. •» \vooti ® 

t ;, ia o\ 

CK) Wave .. (a^ * 

4 , 

WHE«£ 0^, * (,»SX\ - ^ *5^ 

4 *v> 0 - 

T n CV'A.Ocni s) 

r*- 


SSl 


oft = '2.60 N\ 


11.193 


G'MEN ’. 4o = ►S 0 -»- , rJ a 
COkKfTAMT 
riNV . 6 AJftS 6 in 


TERMS OP iT 0> Vi, 


11.193 CONTINUED 

OR. © » Iff Slt^Q ■ 

Have ©* 

Then -- 6 * ^ (,i& s>vi^ w>s%1 

Soawuot.nc* poe. ©.. 

6 • ^ U svm %> oasV) (.% mm fe') 

Oft. ©*2.f^Si*4 i &ei>s6 


ALTERNATIVE SOLLfTOlftS 

Have.. r» 

_ • VitOsfc ik 

'*** 

Now-. iJ T ' kS r * *5& l » CeI •*• ( r 
o* 

/ Y\S \ l f c.'^s’© . ,\ 


*-( S*ti ^ 4 + 0 
-hSfcf 


OR. © -i 1? s,n * & 

Ncfte THAT /VS © INCREASES t THt A'RJ\ANE MOVES 
lift TrtE INDICATES ^iftECTIOIJ. Tv**, TftE iVaSiTiVE 
Root is cwosoj. . 

;. ©.^s,N l fe ◄ 


Have .. a. = Or •» a% 

Nk>vj (To » CONSTANT *S> a *-C> 

,\ 0^ * r§*2.f 4 *0 

■=*• -jS”- 

smS ,i 

ca. ^LvnScos'& 


Ak>S © 



pr.ok\ -uiE Diagram 

r ' ^9 ^ 

Movj ■. n 3T 6 ^ r 1 4 
Sosst itot nftG. for. ams r. 
sitftfe . (. wTfe') & 

C C.OMTiMUES') 
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11.Cl 


p 

f 

L_ w 


\_>W\ 


Gw£w' VsKvtvjocjtw Gkxol- k.e.tor.sj 
mec^anom -iMovjn- 

• QAS . * 

+ * \ s ; * A 'N.', b*2.SiM. ( 
1.0 >K. ( VS IK. 

PopT ' 8 M1» 4> AmS 8 <0!.. 4> FO* 

ONE ftEVOLOTOM Of RC*> AP 


A.NALTS'S ■ il^ P 

Have.. __b__ __1_ j£V/ 

VnM>- 6) VMWo*©'} y 

Oft bCDS§ « K S>M4>ra-^_ tDV|>SlNb') /i 

Oft b * Si C >>|W<£ - C0^4> TJUU fel by 

Oft. TAN^ * ^ ~ b (.0 /\4> 

X cws» 3 > _ A. —i- 

Them sec ^ ^ 

, „ lW+V 

«*■ S ' Cos l & &•>* Sl *& i X 


IN ojy>4>r 


cos8 * r S s s 


\rtEN.. 8’ 


- 2.^\ ^irs *<P 

f Uco^^ 1- 

L Q -v\i - L\jV 
. 0 - bs>'w* 


yy\% 

Qcos</> 

* V - ^ ^ 

1 * 


ISfKi4>-Vi 


.6 , . ^-. ^ 


Note: Fob. 


0<<t)< TKN 


' ^ (T^b 1 ) 


_Eo.cP> -80 *^CO 

'HOS, Foft THESE VALUES OP <f> MOST osE. 

% * w ( 1) ^)* 1 '->‘ 

VsIHEN ?LOTT\K<» THE GRAPH 
b>MVLARV.Y, 

For, So* a <*><. 2lo*, Ea. O'*-> -Soa^aSo* 

Foft. Ho*a 4 > <t Ibo , Egl O'* »"> -8o< 8 s 0 

• ft. -* / ^SlNii-b\ • 

*• t-T^rr* 00 


11.Cl continued 

Toa <fc = So b-So* 

Foft. SOA.*><no, b = TAN ^ A-u*4~) 
Fo«e 4*no, b*no” . _, 

Foft. nOA^SVIoO, %*TNM (.' oi JZt' )* 
Plot 14>, b") 

Construct 'Sorter for qmw op 6 wt; 

UM&E-L AV.ES 

Foft. VALuES OF <p FROM Ci to T)V>cT .Kl 
INCREMENTS OF \° 

Compote. & fe- A —- C rVT^ * 

IL a b - BbsiMp 

Plot C 4>, 8) 



t'EHT STEPS ftS SHOWft: 

Ao*'-o s, 2A s.i-O s > 

« * t&* iz', vf\ J x = coMS^NT. 
\T E*FU FooKtf., C^V^jC 

O- , b s 

O-b 

P»K>S : Movo me SAE\. 

■toOMCSS m* 

STE.PS FOR EAOA 
COMftiKKWOM OF ^ 0| 
«, ANS b. 


ImPOT VftUOE OF b 

CoftiSTPOCT boftOER FOR G.R/SPM OF E) Vi. •, 
l-RbEU ASES 

For vaujES of from 0 to ^bo <m 
INCREMENTS OF \* 

Compute. ^ '• 

For OS»c W’i' Jfr ). 

8-W(t^)*TU 

For tan' (, i ^r^ t ) ^ * f-^o* 

CCoNTiNOES^ 


V CONTHNOEb ^ 











11.C2 continued 


f\«sT NOTE-. ^SiNA COLA 

WlTU TV.R OR.<>ivl OP /V RECTANGULAR 
COORDINATE EWTEM K\ PONT 0 -. 
UoRllONTAL IMOTiON t ONiPORnt^ 

X' £ x t =>< 

Vesvr1CAL !MOT\ON (ON'P ACCEL. MOTION') 

n * m 2°* - L^V - ^ * (.*s^\ - <^t 

hoH&.T\Turi|NG pod?. \... 

ConLiDER THE MOTION OF THE e,a.u. AFTER IT 
LANDS OKI A. GivEN STE.P 

t. DETERMINE IF TAt 15AU. EOONCES TWICE. 

on step V- u^y. . ou£ 

O* ltrp /V. ^= 0 : O ' 

OR t*A, * I ** 

.’. Ip (. >v0 o *• ?, THE HALL &CiOMte.S TWICE 
ON VTE? K. 

In GENERAL, THE BALL BOUNCES TWICE ON 
STEP IN CM* A»,^,C,... ( \V) IF 

t*«V <■ li-lN-Ob - %'*± 

Z V 

WHERE (,X N \, - ^k.C-S'nX, 

AND Xm AnS (^nV. A^E GIVEN ¥.6 LOW. 

1. Determine if the lansis on step : 

Cw step vp-W: - W* c -rS£' x*. -1'} 

SOLVING POE X*. ANb TAKING THE TCO 1 TVE 
ROOT (.**■> OS HAVE .. 

utEo 


= ^1c*5k\ + 


.‘.Ip x* i IUV>, the balv. Bounces on 

STEP fe. 

In general, after the hall bonces on 
STEP IN, IT NEXT SoonCLS ON STEP S \P 

^ V, * !■» Ct-tI' t* 

>*■ _ ? 

'^iAE«£. Xk -- ^ \ 1>Ik\ * j 

F.NALLT, Ip THE BALL BOUNCES ON STEP %, HATE 
USinG the EXPRESSION 'DERWED ABOVE FOR iS^. 
' Wk\- 

AfcfTiNG THAT AC> AMS THAT THE 

MAGNITUDE op THE VERTICAL COMPONENT 
OP THE. VELOCiTy AFTER. THE EOONCE IS 
<.>Sa.\, = (.1- ^ - 1*^,1 

HAVE IN GENERAL. . 

C^N^ - .T*~ ~^N-l\] 


11.C2 continued 


Got line of program 
For initial angles a - - a^ \fe* z_t , Z.U 
For values op V. ■• 'a*c>.4,©.G 
For initial velocities ’So - )S 0 = Eft's, ZA 'x. VO? 
For each combination op a, V., and 
Compote »j k ana 1 NWX, - 

iS^siS^SinA = Cv-^')*S J COSA 

Set initial lonSitions; Ni',i*l, Votw. 1 ^ 
where \,2.,'S,-—, & correlponJs to steps 

Al, _. V\ AN<i XvaTN. XS THE SOM CP 

the HORIZONTAL 'blSTANCES EETWEEN 
SUCCESSIVE POINTS iwvPAtT. 

Determine ip the hall hfoonces -.wre -^n 

STEP W- 

Tp ^(^\iOTS*iN-i^sV X-totn^ 
PRINT' %ALL P'RSi BOUNCES TWICE 
ON STEP N-" 

CONS'SER THE NEXT COMBINATION CP A, V., 
AnS IS, 

Determine the nest step on which the 
HALL %OONCES 

OPSATE Xtotkl • Xtotkl 1 XiortKL + 

WiLERE -V 

Determine \p the hall bounces on 

LONSECOTVSIE STEPS 

Ip XrcnM. ^ + ti-lVC.’i') fuiS 

■\Sft, print ■• '?>ALL misses STEP i.' 
^ESET XtoTN. • X'lvjTKL ’ Xtcttim. ' Xn 

Opoate ' ’• S * \* \ 

IP it 6, COMPOTE MEW X M ANS 
XtOTKL '•NS REPEAT CHECK. 

Ip i’-S, c&nSiSER the nest 
Combination op p-, W, ans 
Ietermine how the ball bounces 
tobWN THE REMAINING steps 

Ip NJfe Print ■• ‘ ?ALL CONTINUES 
to Bounce sown the. i^rPs. 
Ip KdPfe. OP0ATE VALUES PoR 
THE NEXT step : 

>v. 

tvi : KJ * \ 

\ *. S * Sm 


Program 

OUTPUT 






a 

k 

Vo 







18* 

40% 

1.0 

m/s 

Ball 

first 

bounces 

twice 

on 

step A 



2.4 

m/s 

Ball 

first 

bounces 

twice 

on 

step C 



3.0 

m/s 

Ball 

misses step 0 








Ball 

continues to bounce 

down the 





steps 






501 

l.a 

m/s 

Ball 

first 

bounces 

twice 

on 

step A 



2.4 

m/s 

Ball 

first 

bounces 

twice 

on 

step B 

‘ SSI 


3.0 

ra/s 

Ball 

first 

bounces 

twice 

on 

step H 


2.4 m/s 


Ball continues to bounce down the 
steps 


(. CONTtNOOi) 


(. CONTINUE^ 







11 .C2 continued 



3.0 m/s 

Ball 

misses step B 






Ball 

misses step E 






Ball 

misses step G 




sot 

1.8 m/s 

Ball 

first bounces 

twice 

on 

step A 


2.4 m/s 

Ball 

first bounces 

twice 

on 

step C 


3.0 m/s 

Ball 

misses step C 






Ball 

misses step H 




26* 401 

1.8 m/s 

Ball 

first bounces 

twice 

on 

step B 


2.4 m/s 

Ball 

misses step D 






Ball 

misses step G 





3.0 m/s 

Ball 

misses step B 






Ball 

misses step D 






Ball 

misses step F 






Ball 

misses step H 




501 

1.8 m/s 

Ball 

first bounces 

twice 

on 

step A 


2.4 m/s 

Ball 

continues to bounce 

down the 



steps 





3.0 m/a 

Ball 

misses step B 






Ball 

misses step E 






Ball 

misses step G 




: 


11.C3J 


Given . L c & = lO ve\ \ ' 

-fctT V ( k.« 0 ( Z.»\o wi , 
8 O oo* \oo* 

Vio 

£m?> - i\vj^ the 

T\m6 VM.OSS OF 6 

Foe. vajhich aJ"»o fca 

Emeu tOVARl KIVTtOM OF 

&,» vn*v W. 


<W>LV>\S 

In -me T^n«ktv»TiAe °_i_ ® 

'bNft.ec.Tion, "me -TAnc.eu'i'^e 
c.©mpovi€nt of -me r\ Y* 

iv,«£.eev»Arf'On c>f -me >// 

^R.Tn_Knt \s (//y—v 

* t^MnUfco-fcV fekT v ^r 

xj. /& 

RecAueiMCx that a t * JE 

hkve 

Now, ^imoe C* consrmm i have 

Therefore, the Different>m_ ecjoatioms 

r £^Vn8 - Els 1 

dfc x t- 
<3£ 1 r ^ 

OEFtnE THE MCSTVOM OF THE (WVi.PL.rvv.IE. 


w.kT , 'e t 


^-160-B 


11 .C3 continued 


to., MtGRvv>i- Wvll, \ c )'&&. ^ wiith a vrep 

v>ee u \. - o. GCni b to iniomeracauly 

iMTec,o.«re. the. eckatvokis 

d*y ^ - V.-I 1 ee\fecT 


omw fe’ 4 8 k * \, where 8 ’ an*> 8 t are 
the VW. 06 .S of 8 at me mippoinf am«v 
enti, Rei.pec.Tvveor, of -me. final. time 
interval. 

Ose unto*. iKfreR.v'iLA'vvvan to oEteravue 

me final vevao-vY aS^ : 

Tkvvrr -me values of k, 8^ ans «3^ 

Ca^e 2.' l>ete«.niine the vvuat of » foe 

WHICH THE VELOCITY VS FiRW tERO 

Ove the MOEvFxevi Cove**. mr-vv>c*> hair v 

step siee O. 00 & s to numerically 

integrate the eviovTions 

civs- ( c^SiNVktf 1 feo,^cv&o oft. . 

<3S * 

U^sin^-Vjj 1 8o‘-'feo. %,->'6o oft. 

fe^veo^^Fveo* 

dft v r. 

<JE = c* 

where «» the value «6 w me 
beginning. of a tvme interval, until. 
rjr^cO, where AS t \s me velocity at 
me ENt> of rv -time interval. 

Use uNEMt. interpolation to tteyermine. 

me final ancle 8; •• 

T’Rvnt -me wooes of \a, ^oANsbj. 


Maximum velocity attained for a release angle Oq 


Xn^oT VAIajG. op k 
1mpot V(\\_o£ of SJo 

Case \ ’ bereiLMiMe me v«w.oe of me 

velocity (LT me sf*ec\F>eh ^^K.vi8 ) 
Impot 8^ 

Ose, Foe ex/vniple, me v\omFiev> Eoler 
Memos t sccons- orscr. Ronoe- Vlottr 
M emos „ see Chk?fa vms Olnjvle ( 
NowemovL Memoss for £NC.»neep.s , Id 

CcoNTmoes') 


First I (6|>),] and second ((6b> 1 1 rest positions for a 
release angle (&) 
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11.C4 


Q^WE*^'. Ca*. TRjA-x/EVitaC. <?M AM EX.iT 


RAK.P; *S- a ^O TR 
lOCv ,**) 4 xo '■=•'' \ RAMP \S 
ExTHER. S-TRa,\KAT Oft. C-oAVEb 
(,^>* Soo VcY, Jt xs exthe*. 

COVJvTAtaT Oft. VAR'ES 
UtMEAftL-Y bOftjtHG. t'Mt 
tAlTERvAX-S csf \ s 
■ t-bTOP AMb bxli.-TA.KJtE. TRAN tuts 

ONX THE RAmP FOR EACH 

COM&INATiOM OP RAMP TYPE. 
AMS 


Case > •• bTAA.xC.aT RAMP, S£ - COHV^AMT 
FoR. TH'V OmxPCRwxX-T bECELEftATEb RECTXX-XMEAR 
MXOTxOM HAVE-- c* 

o^-vo% 

Them *y= iS 0 * (.-'oit 0 

AMb kS L ' <So + 

NoT'Mfc. THAT OX. \S COvJSCTCAxT KMts kJ^, wKL ».<b ( 
HAVE ^ 

\.-3TO? - XO ^ FS - ) 

*TorTME ~ — > IVOl 

WHERE "tviOP AMS X-xoTAE ARE. THE TIME 
FOR. TxHE CAR. "TO COME TO REST AMb THE. 
TCfTAC bXSTANCE TRAVELEb %Y THE CAR OtH 
THE RAM> R.EiPESLTxVEEY- Kx.Ve>, 

xr D = uo ’"'Vk r ae. fys 


Cane. 2. x Vm.Ava.xTr ramp, 'St 
Wane 0.» 

AMb AVVOMimG THAT FOR 
AMT T'ME imTERVAX. 

Ov* = O Q. l = - XO^In 1 

wave .- 


Lxvj6.p.RlY VARj<'VS<a 

a !^—Vt 


\- i*ix,*r^.: r'.fcr 

' s V| i 

OR 6 v. (A-O ^ 

Now -- * kT ^ ^ 

At -t-A, ( x»x, ; J Sa = J t,* 1 * - aH.W.-O \<At 
*1 

or. *=:*,+is.a-^v w 

f-x* bt-' % AMb WHEW HAVE — 

(.V'l ■*> ^ t .AT ( -S {%) 

(■L) x=> X,-x*S,- \ UO 

For the fxnav. time interval tiifc*,**.,. «■' 

*S-CJ AT t : if,NKL ■ ''HEM, ASVOMXW&, -L, = 0 

(.Coft, CONVEM'EMCE^ have.. 

^ O’* *5. — i^" (Cf.*.*.') a\. = V S 


ANb a') R5 *H W ML= X,T «,Xp 1NM .- \0 xmH. (.&) 
VJHExRE \ VlNM _ *S THE TOTAL Tyf^ANCE , \p, N Ki_ \S 

THE TiME bORATXOM OP the ExVlAX. TiKlE 

CCoMTiWoES^ 


11. C4 continued 


INTERVAL^ AMX> k 5; ANb X t ABE THE VRECPTY AHb 
T>1STAMCE N S.EORECTXVEXT, AT THE bEAxMHxHC, OP 
THE FXMRL TXHXE INTERVAL. 

CaXsE V . CoftvEb RAHXP, 1 Const AMT 
VAave.. a t » ^ »• cc>^"rA^i a tM ?i __jt^ t 

NlbXM.. 

•a'* »ft 4~ra 

vihere p^BooFl ANb ia MK> .\* xo^ 1 

FoR EACH -TXVXE iMTERNAE, 0^_ \b COKiTAMT A*Jb 
CXr, IV MAM MOM ACT TIME t, Vi HOE. THE 
VEEOC-xTY bEtREAVES EORsM To \ L . 

•'• ^ - eft 

OR. Ou t - \ CC„. - 4£ 


OR. 0^ (.V) 

FOR EAC>\ TiWlE IMT.R.VAL 
txJbXM .. ' COMSTAMT CoMiP. ACCEE. NXOT^bH^ 

Tfem .. ivy* >S ( h (.■l-'C,^ is^ 

AYb x» x, •*■ ►*, (.■\.-\-i') * tV-O tx - ) 

Fob. a\.kV s ams whem mane.. 

°-V*--^QmETP &) 

fVI ** v5 u .^,*a t 

CA^ R> -A,* «5, ■* CFt) 

For. the Fimal txme xmttervae, at 

SitEM, ASVOMXNC. t,*0 HAVE-. 

x%t 

is> <> 0= J, a a <t l.tAKis.'> 

OR- X.P>HA.» a t ^ 

•.X^ *> Xp.v4H_ ' \x ►F.'Cp.nKJL - * tW) 

VIXXEHE >X, Kub Xi ARE THE VELOLXTY AMb 
b«>TAHCE ) REVRECTxVEJLY, AT THE E,EEjMMxmCk OC 
THE PiMAE TIME XAfTESNAE. 


Case X • ConvEb ramp 3t exvjewxxx varyw*. 

A.ssomimg. FOR AMT TXME ttb ^ 

I TTEftVAX. l.CX t ') ( * O | ; *- 

hane^ l0L x. ^\--Y ; 

(Cow - at 1 °h.- ^ ^ 

At 

OR CS') 

^sva, St * V A ,n V 
A.T tKt,,XKA,-. ]^6x = 

OR x*x,H iS.U-Xx')* (.'o') 

n'ioxm-. a l -ab+a^ 

-aMf-f- 

' UOhfT'HOEb) 
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11.C4 continued 

UJWERE P* &CO Vt. AN*> 

vfeyj, POR ANT "TimE INTERVAL, 

CQ-tOmKC ^^URS M (WREN TUE 

VELOurT \S 
(.a^ MW cctoRS PCt 

WW'l M> 4,‘ \T ALL times CncstE-- 

.’. AiSSOME I'-OImu AT ~UEN~ 

Pan. ANS v-JrtEN HAVE 

or. C0u.\ » iCt*i.-iO (.&■> 

lu'i ^ V'S^U'^X i«i 

CDM%>(4inC«. EaAS. L"0 ANS (.%') TO EUMlM»nt (.(XrY.. 

<* -=fc ♦ - 6 jr, ^ * ia*S a'I'O 

_A 'laoARTxC EQUATION VJUxCU LEHNES nS^. 

fot. tue. einal ■'iMt. interval , >T-o at 
^-^P iNAL' ASSUMING. 1,5 0 NAVE .. 

£a Cfc'i •• t <• i 1 iS^-jr,^ VJNE9E fS^ <- o 

^ *> O - **, * tiao t ^>hn- 

OR. tpwgmL * vl^ W 

^ Xt\Kt*L " X, * ^iCpumu. ‘ "fc> CAOitpiMN. 

LlUERE j; AnS \, ARE THE VELcOTY WJti 
t>«T(VKic€., respectively, pa awe. a&c»NNiNG, ce 
- rue. pinal time interval. 


ImVvJT INITIAL VELOOYT kT, 

Consider eaeu case ^ 

Case I' Sitr.p.'Cat rp-mp, 3E* constant 
Compute time -t« 0 p x % 

Compote Tastance X-, WP4 .» y^ 

tue values, op tsao? an'* 

Case V- 'braAicar ramp, linebrlv varvine, 
Tor. each successive tune iviteryal 
Compote ^ - . i3\-E 

VJmce is t >o 

OpbATE LNVTANCR x,-. X=X*l5,~ ^ 
OPSATI TIME ANL SPEEV. 

•E-E»\ \ *J’i*>S l 

Poa. TUE EiNAL TiVIE INTERVAL 

Compote ^.wal* 

Compute T\w\e Ystop *' A_*top “ "CtYp.mll 
CjCMPoTE SWTANCE X-roTkC '• j 

XtOTAL 1 X,T ‘S,inNH.-\^.P»A 
’pRlMT -rue VALUES OP Estop AMS XvcfTAL 
Case V- Curves. ramp, gj- constant 

For EAtu successive time \nterval 

( COUTtMOth^ 


11 .C4 continued 

<s* 'I 

Compute R t '• <X V 1 - t 'c>o - uaTio* ^ 1 
Cum Pure > 5 \.s ^ L ! 0 -^ 

ViuiLe *^>0 

Opruae exsTAMte \: \«K, 

Opoate time ans spees. 

PoR TUe LlMAL TIME interval 
CoMTorre O^: 

Compote ’Cf.nal- C«:.wal * 

Compote Time "Cvtop • 3 Cx 

Compote mstamCE Ntcjtal’ i 

’‘'TOTAL ■* X, + ^ VpiNAA * t ^t^-PiMAL 
"PsL'wn TUE VALjES op \-stup anl Xtotal 

Case A - . Co»vej> samp, 3C uuEarlt vajltivA. 
For ealu successive time interval 
Solve Tae EQkoATiON 

+ ^^ ' 6*S,tT v » »C»VvS 

por aS^ osiuc. NJewtom's metaos 
CSEE, PoR EXAMPLE, CuAPRA AMS 
Cam ale. Numerical Metuoca coR 


FnG'UE&RS , 2_ci EL . McQjPAVJ- UiLL, 
VlwiLE "S^sO 

Compote CCX^ '. CttO t s UxS^-tS,^ 

OpbA-TE ti\STAMt£ X, •• R,« X,V s t * to l - a Lli 

CJPLATE. Time PM4S SiTieV 

For twe pimal time interval 
Compote C0^\'. (Ol\ x l C ^l* 

Compote 'Cp,»»ALi t 

Compote Tims "Cutop ■ \.*»tt>p - "H-> j Cpiwxl 

Compote SiSTance Xtutol • 

Xtutal ~ X t t- '^'Cpilusl'’ t 3 C a s\'t.pv* 1> 4. 
^RiNT TUE VALUES OP ^-vtop AUL XtotaL 


For a straight highway and a constant rata of changa 
of the speed, 

time to stop ~ 8.80 s 
distance traveled •• 387.2 ft 

For a straight highway and a uniformly varying rate of 
change of the speed, 

time to stop “ 17.77 s 
distance traveled " 789.2 ft 

For a curved highway and a constant rate of change of 
the speed, 

time to stop ° 11.29 s 
distance traveled • 381.4 ft 

For a curved highway and a uniformly varying rate of 
change of the speed, 

time to stop « 20.71 s 
distance traveled » 1015.3 ft 
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HoR<EOMTAL MOTvoN l>ou\CoJ.Vl) M 


X'Xj* (.^.cosoot 
°* ■*■ * tfilcSxR 


\itRT\CAL NTOTOAJ lOU'?. IAC.CEV. MOTVOnI 
H* (»r o V*4*M- i«jl l >$,S.n».- 

SoRxltotino* for. \... 

V^CtANTaU- ^ 

kr Point F, X'd am»s 


• C i ^ t US> V 

rl 

OR. d *> ^ S'N 2<* 

An the maximum tueoret'Cal R&wn ^kvsx of 
the water, * O. Then.. 

O' *S.^'*>i«F- < ii^„ c>«, 

IHttM * (tf B irN0O(ii| *■»»*)- C ^ SINX^' 

* \ ^ SiN l SX. 

*»•»*> 

* 

IF THE WATER H'TS THS. AR&OR. t ^*V& W\ 

AT THE POINT OF IMPACT. ThE CORRESPcAlb'HG, 
VALUE OF X \S THEM.. r 
16* C-TNM^X- t^ 

1XNK - ■ll-TXMW.V'- '3T^S^ot 


^ Y - , ~-- M-T*" 1 KJ«- UyyA. - 

''Ml&A q 

COS 1 * 

WHERE THE LO AN»> C-1 S\CNS CORRESPOND 
TO the WATER HiTTiNG. THE ARBoR FROM 
ABOVE AND FROM BELOW, RESPECT W ELY. 


Olttu 


"InPvJT M»n»mvm (VMS MMMHUM values of a 
Input S\E£ OF INCREMENT of A 
PoR EACH VALUE OF A 
Compute ^ at X'Z.Lta: 

U .91 ..KiM _ 0.OZ.A2. 1 


U. , L I.IT'UX- O.OCTL . S 
’*•*• COS 1 A 

Compute lj at X« E.4m- 

^tsA » S.4 taha - - • q 


11 C5 continued 

to If l^ v1 _s V.'&vn FBth 

Compute. d: d* 

?AWT THE VALUES OF A AND d 

Nest value of a 

itt If '"1t.l." > '•®' iy ' ANS 'Vs.A - m 

Compote CXka*oOmn»'/£.’ 

(-X>OkfcaA'i^ w , t - wooasx .^,^^^ 

^s^a-O.O'SWj) 

vV>HT THE VALVES OF A AMS 
(. X»,«ta*I *,Ac*E 

Nest value of a 
Compote 'Vas * ****** 

^hote X^-. ^ 


W*- ' e ” r '" v „ 

Compote d'. d = T^ - v *» 2* 

%)MT THE VALUES OF A AND d 

Next value of ot 
If l-Z vrr t £ ^ .4 wr 

COMPUTE '. 

OLasoxWu*^ - - 

^swoV-Cyc&t^ 

vV'ht -me values of a and UL. Rarfl \ rtua(u 
Next value of e«. 

Su : !;4 m 

?aint The water hits the arbcr. 

AT CORNER C." 

Next value of a 

If x^ „ , x 2.Z v« or If a >.■6, m 
Compute d: d = sih 2x 

”fV»HT THE VALUES OF A AMS <d 

Next value of <>. 


The seven Possible trahectoR'Es tested for 

'N THE TRC&RAM ARE. VLLUSTRATETS BELOW 




C<CONT\HOE»>'i 


































12.1 | 


GvEM '. q= < A'l80'lC\T0.C0S3 Sik| 1 ^) Tv '/S 1 ^ 

Pirsib ’■ Ca) ws anS VJ AT 4>*0 

C.W) W\ (MvlS VJ *1 f 4s* 

CC.') 1V\ AMS Vl AT 4>*toO 


F(t».VT More THAT IVT AU_ LA'TiToNE.S 

W\ - Z XXX) bq •* 

Mow .. q = A "''Sal Cl* opoVb sim 1 ^ '"/s 1 
sns VJ * wiq 
"Then .. 

COl'K^o: VU Z W^»VTeNlC\* GooSS siiAs) "s* 

or. 

CW) 4>* 4S* VI -- 2 C)+GOoV!> sin 1 4E ) V 

or. UmQ.Io' M ^ 
v>' i feq>>aiacn(.\+c).oo , a>s>isj 1 'v.di *§«- 
oa VJ - iA.l« 4 Kl 


G.'VEn : C^- ^ nn.bOlb 

F i ms •. ta) w\ cm') 

cm) m c ,KS 7sO 
co vi c\W) 


Co.') Gwen -. w\* So 1V» ^ 

Cb) Wave.. yysi *so tb» 1 b * 

■bZ.x 'V 

!b S l 

’ \-*m 80 ST ,. J. 

OR TO M.ElS'i ◄ 

CO vVve .. Vi * »v\q ., .t .. 

= \.ss*6o ^r* M.-s^ 

cA VJ> \=).\0 lb < 


^2.3 Giv£n : vy\ * EOG b<V /lT« 1.3.4»VO 4 ' lv ‘'/b 
f IMS 1 V 


S b-w\ w 

flRVT MOTE .. |J*ZV4 mO V> ■ bSOO S 


12.4 CONTINUED 


Cte") vJhEn the Elevator. >s Mov,m oWjaRS have „ 

jB* a*4^x 

^ M.'O a « 

= «tO^» w*a.: R k - it.\o t\»« ^qj-* V ?x 

VJr\u.»olW RaM&usW^ 

Mow O&StRvE TVW SECAvJSE rut LEVER. ARMS of 
SCALE V*. ARE 6.00AL , 

tci® * rr\ U«fw wtwl6t ’) 

REGARDLESS CsC THE ACCELERATION OK THE 
ELEVATOR* "iHEH.. 


W llo.lO vy> 


*9kcoP 

r*- 


OR W^-O.S00-^[ 

*T£M 0 *0:«F 

or * R>.__ 


Wka« 


Ne*T CONSIDER THE MASS wy AND THE PACKACE 
COR AM ARBITRARY ACCELERATION 0, OC THE 

ELEVATOR, UavE- 

f E* a"** 

mav»V. r- 1 —I —|—I ♦tz^-rrva: *y- v Vi s,y V a 


'* 1 maxsV v 'V) 


"vVcxaOS.1 


iMlSvg .. L ■« msT : l£»t^»loSOO 's ^ 

OR. V.-\.^Oxlo 


-PBOOt£ 




12.4J 


1 


G'YEM: Uvm. arms OC 

SCALE fb ARE Of 
ECJOAL LEM&TH; 
WHEN a e = 

= 14.1 \fe 

Fins'. Cal W 

Cls) ans <v\ ft 


♦ttP *tM.: f,MJ<AAE" ’"B ’ ' fAa ^ 


VI « tv\q 

So%tract>me Go. cl") crom Go. O') ams rjecalune 

*■«. S ^RAOC»JC,E — 

-TA^q - C-wxq 1 ) s YV\^a - Yv\a 

OR - Cw\^-W\')q » C YV\") (X 

Since, in genera)., a 4 q, it follows tiaat 
(V\»,= vv\ Cl. E.\>. 


VJHtM 
°E ' ^ 


I 12.5 | 


Given '■ A Rock, with an initial velocity 
US ^ AT S, ATtO, X* "id TA 

Fas: Ca'> xy 0 

Cb - ) fX K aETWEEN THE v>oCK. AMb 
THE ICE 


(a) VIhen the elevator, is moving, lownwahs have- 
fRA.H.Hb VM . Lr 

- ♦iiF^x Tvia: VJ - 14.1 V* 4 s l 

—| -1 ^ OR. VI * lb. )0 lb 

W m v-q-^L continues) 


Ca") \**OME ONICOR.MVY bGCECG rate's motion. 
Then Ay=ASS^<xt lS 

v\t VK: Ox sy a vac')1 CA ol«- q* 

Also .. 0 1 . u/* LO CX- ^ 

At t»^V. o* sSo 1 -*zacs<s') 

CCONTi Noels') 
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12.5 CONTINUED 


SoEstito-tinis. FoR 0... <i*.5** 2.V" qfXvaVo 

Oft. (S',, * v». u.VT 

. _ c>R iSi.sto.UT 1 ? * 

AinS a *-^^._0.'HOT4«c 

P'd) 


-4 


V) 


TT! 


] = c 


Have.. N-vj*o 

or M-Vi = 
•sL'biNC- P .u. k M 

’ XW'"'4 

-F »• two. 


on. 

4.fc\ w K i 


wa - 


BO. » 0.0"!^ S 


12.6 


Gi'/tN •■ /VisJ i\vnoMO«>« iN'TiPiLVf ATT REST; 

(A.,* 0.8C) %ET\NEEN THE "IRE'S AN*> 
THE. PAVEMENT 

FinS ’. EO-'t |J MWI WHEN 400 to 9 OR FRonT- 
VNHES.C SRWE , Wt »«« /vj ■ o.i»2 
(V> i 5" mio1 when ti,- 400 t*\ FOR REAR- 
IkIUEEC SfcNE^ ^«E«a/\iO •- 





N,s0.ioZVJ 


•Co=^ 

FoO. MMIMONI ACCELERATION. 
*> * F m a* ‘PsMf *0.&^.WVj; 
« O. 4^1. VJ * OA'iVo yitij 
NoM 4.. -^*tFx*' ,Y ' 0 ' ; - mo. 

od. a.wu, tv\^ »Tv\a 

"men a » C0.49<o(.4.&\ • 4.&US1U T»- 

< i>lNC.E (X \S CONSTANT, NAVE-- 

C*-y3 w 

When K-- 4c» w\: tT * « 2A4.8U^Tio ^ X4c>e> w\) 


OR ►S'mk^ • «.V*\ s 




* 21-S^ 





W^.o.FiV) Ne 


FcR NTA*iMUN\ ACCELERATION- I 

Pr - ^VWX* '0,fc(M}VJl 
« O.VHVJ* CVS44 wr<^ 1 


* wi • 

Novi- -^* 11 ^* too.: Fn.*Yv\a. 

Oft. 0.34-4- wi<^ « w\a 

Then a* o.-J 44 t<v&\ ! s<T • •J.V)4-u4 ! 3l 
SincJE. a IS CONSTANT, nave- 

When \i 4oo w\: .s^ * 2.U vi4 u4 ) (.400 w'i 

or *W - *L*ft s 

or t5' miw *»S1.\ 


12.7 


Given- (^Vnm. ^ ^ • 

WoXjPEAAAe* VO^'/h ; P-- CONSTANT 
^'NV - V oPUOk ^ VJHCN *T» SO " Vh 


First consser when the sos is on the levec 

SECTION OF THE HiEHVJAT. 


I VJ ___ 

I r \ = | \ 

iijo-a- 1 k>o-o 3 

? W i^v 


„ u 

^coiei.* ^ \ l 


" Vj 

Have - -'■Z.Frawia. - . P * tj °- vtvev _ 

NoVsl CONVSER when THE BOS IS ON THE vJKSAAbE 



T L > Nr 

Wave., i—£F*« tar: V-vJsnT*- ^ a 
Goewtitotinc,, for ?.. ^'a^vn.-VJ sinI* * qja' 

oft. O.' - a^L- (JSIN1* . (i• *i2.2 sin" 1 !* ^ 
s - 0.<4Z4 '4 ^ 

For the oniformcy "oececewctev niotion-- 
^ 1 * C^.'loRiWOE <• *OH»AJ* - ^ 

No-INO that so ^ ^, "HEN in hen 

Oft. XoiERAfeE = IZ&O.W FF 

OR -0.242 mi ^ 


12.8 



CsII/EN - 0 .s.e* ^ 'X j 

‘H-eVe * * Ar 

Fine *. Oi9£. 


First consider the motion <=* the whlra&E on 
section A6>. 

/\ /\ SAI.F M 'C>•. Na^-\v4*0 

\ ivi\ =. \ \\ oa - N »«.*ivJ 

NftJkA,/ \y\ SOS.NO*. F K R * 

Ei^C TTsOxa - \>».rVI 

\ '^Z.Fx=T<'a. : ^Vl - Pf* * '<<Ta Kfc 

s' or % Vi - I /arVO * ^ a Nj, 

P*.' s (. s ^Ty % v ) 


(, Continues') 
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12.10 


Given : = io tej ■ ^ * o; 

AT 1 «• VOS, &*« S WV, 
(As*- C>'4, Mr* °- 3 

FlN«V ? 


12.8 CONTINUED 


VSX^o: N*,.- sW>o 

o*. * 5 W 

S suoima- ■ >1 K Ngt 

St ^ •- 

n\a at '^£F x »v*\on gW- F^-. rv\a ac _ 

c* |W- *£a%c 


or. 0*.* **U.«jbl 1-t‘to.AolU.V 

or «8*T 


'N 

FlRST OASERve THAT THE TAUCA6.E IS ONiSO*.V\V-T 
AfCCEUERATEJS SAKE AU_ OF THE FORCES ARE 
CDKISTAKn. "Th&N-- 

x= x 0 * *• ift-t 1 

Act L* »OS'. swu ^a(.'OsS L 
os. a = O 'O s 1 

Now.. *\EF^*0: tsi - VJassZ.O - ? sw So ■ O 

08. N s fV\^COS 2.0 «-V’sanSO 

sub i mo.: F = )A*.N 

* jA^l.'N'^bssZo » fvu So*} 
i^F^r taO.: ?«>sSo-VJs>m1o-F ■* tao. 

Then.. ?c.os so - w\<^ vm lo - / a^. ( - vv 'S C<5S 2 -°' v ?vuSi*Vwa 
o8 P ta l CXf^Is'mZo** Mb. cos ZO^l 

COS SO - ;A. k SiM So 

ro^alo vo^ >c > &\ ^■Wmio-v oscbsto *)] 

CCS So* - O.S ViroSO* 

OR V- "SOI NJ ^ 


1 Given - A.n 


GlVEjv). f\N K\ffOMOl,lL£.'l BRAKINQ. OWTftMCCt, 
FROVI So ' T *" V /v1 OM \J6VE\_ 
AAVEmEnT is SO w 
Pino . (.O.'i X,^ From So tyTl, K For A 
S° inCunT. - o? 

CV*'! X a( t_ From <»0 W /y> For a 

"bio IMCUMt - bOWN 


F«5iM THE bllVSRAM.. 

^ - CONSTANT 

Then.. 0^4bk5^*0 
An*> CXt» bCl^ * O 

or O ^ t - TA ^, O') 


First convoER BrawnG dm cevev. vavement. 
(W>oM\NG OMiSORMlV OECET.E.RATE.S MCJTvCasl ) HAVE 
^ V x. (M- 0 Y- -•- ZOttvRx. (. R- tjft\ 

NoTinG, two: So' uy '/Vi •» ZS^S MANE- 

o -- «sv) l + za^tL U=£>«^ 

OR 0.t£v6\. x ~ S.Z^» s'- 


AiSSoMING, THAT THE BRWONG FORCE (.Fp«F A ') 
IS IMbETENbENT OF THE GRAbE , WAVE.. 

i—‘!LF„.= x v \<X: -(.Fp+FpT- VJs<nS = <Y\o.,jp 

or -G.ZSm- w\<^ vnS = tv\0l o p 

'hen CX.op * - (l».lS*S.6\ sinS*')--! \OSo V 
F.mAlcT - & L = (kr o fv 2 ttor U fc «. - Vo ) ^ 

SosST\tot>mG -- O* (tS '?'a 2.C-"). \OSo s'-'iSeR. 

OR Xfttt - 4 A.O w\ M 




J^Q-SOWW 


Wave.. mo.: V.K>ki% -(.Ft - f R .'l ; tciCu >0wk1 

Now.. TANb - li-Ob O ^ SVIlALE * VH%F TVn6 
Then- vtv^tan^ - s.iSwv - TV\av^ N 
or a^ w- -- c VBuo.oy>-'o *.s '--s.sssi 
F>nAu.T - ^ . (C.'l’-A Z0lt o 

VsKl 

SoRSTnoTiNG -- C> - (.ZS^^*Z(- S.BSST s l ')^oa 

OR A«v - ■ii.S W < 


Gwen: 'feuac.RS R wjs R. 
khs the foujet/ 
casle VfSTCM, WHICH 
IS OF NC£iUC»l%LE 
MASS SHOWN 
(^*(^\>= 0 


(. CONTINUED'J 
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12.11 and 12.12 CONTINUED 


GmSn : &.T V-O, kT»«oO W ,WMS ARE 

APPUR**; tr^') TW>iL : "VoOO l\j ( 
s '■i’.lOo 

£vm»j: kO.'l (VK w«kl 


15.000 lb 


-T » 

OsiMii. ta.UV. "V* 


V4a-M . 

VjKyTvrorTikC. Boa. "T.. * 

«v^-M‘!>*vx 4 y «»a, 

3 °>.'8> ^ 

■* \v^ ■ \*s -SaM 

w * E-s twj 

* a. e^v v* 

* .. 

> Q^.CX&il^U < 




c*. a * —-- (.v-oo-v vvtboVl 

(,\E,CD» XIAOCft ft. 

« - awn 

Fob. omcc*MLY bECEutRATeb mcstvom.. „ 

M*-» isj* Z.af.'k-M J, = to®‘88\ 

VJutM J.o> o * (.66 n. mi sXwOl 

c*. &K«ZZStt. 

n,Aoo \b 


tFnu. 

F* * 0- 


H'TtM 


IMlNE iC THE ftLvXXS VJ1U. MOVE 
0^*0, HAVE.. 

® s VJ** YT *0 c*. T« 


GiVEki : "Uactor- TRtmj=.g oE tkaiLW It.'5 
VsItTH A «>tCCMb TRAILER.. 

WV t « ZA,ftCK5 »V,tWW l »»l.'teoV 

Act i’-O, *ST« loO^, ERASES ARE 

APPl»E*> ; CVeAVajt = ’.too >V», 

- V5,"KSO vt. 

£in y . (.a') ax \mren kX«.o 

''tRAC. 


F^x i‘ Z^ftq»q.6\ fc'.IS Ni 
^-Na'-S or Nor*^ 

'mm. * WVNr * 

= O.ZSx"*.* W*xa.b\ V«- 

X Tb.S>TS N 

VMRNCH VWlPWES THAT THE 


• > A ' A >mm. 

'6LDCJLS VJMJL MWE 


A.- *lTF^*-Oi VIa-N^'O or. N k ^ tv\ k ^ 

vuvhg.’. Fx* CaOaNa ’ fc.*®***® 

F k -T - w^O* 

Ovkkv £<i. -. Tx O.ZOTvy.^ 

6>- 'ITF^x tv^ VJ*. - VT « r^a v 

cr. rv^ - T> (.0.ZO ♦ ^wv K 0 % ') • 

OR a^.JLii^SW.-. 

\*°l -T^ 

X O.Z'V2.T6' i5> /'> 1 w 

Vhrh .. 6^*0.w c )6 iA - * - 

fSNb a.A‘O.ZTii'^.1 

t\^V\A^ .T*^V^()5.TX>.A.a\*^.<i.2JtT&')^. ^ T=ipi.6 M 


•* ~ tF arVku<. “ ( FraVal, ■ FF M ) T * v . l * ~ 

llo.Tl'O ^ CONTiNOEb') 
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12.14 CONTINUED 


12.15 and 12.16 CONTINUED 


j ~ N * ♦/Z.F^o: *0 

'Qy O®. M n * tWV'NV^USX.B 

It ^1 Vj// -- f/>. ’ ^ 

-K "aXF^iO - . —T - C K - F Kfc •» VJ^Simfe »0 

CA "T * ■wy^s.iN^ - 

- Ox t TW V (^ CO'S. 6 

* ‘iLw^sinS-0.1(.Tvv i *l'' A %'>casfe\ 
JlVTlWC* TUt TVNO RX.PREV»'OHS COS'. ~X ... 
rA a <^(.Cx2 cos% -v imm fel * <l^ n 'KSik»fe-Cx.it’< | S k '»i« fc Vftsb] 


VIucn *S»0 ■ C5 


C^iMTCm)' 


tE>.30O<V> / . lt\ 

*. * - ^>00 'V> - — ^ {- *o.VUo 


OR. BtO.Z+-TAN&^ *UoTftn6-O.U.«>»l»6^ 

OR TAM^ = O.A 

o«. fe’2\.B fo* wtST^ovl. V>\*ics. 

?) * 2 < >* 1 THE BLOCKS \Kl\0. N\OV£. UsVI CLOt^titR Tv«. 
MOTvOV* CC Trtfc SLOCKS 

Wi »° 

F^’T^/ OR ^W 1 TA^LfifalS,' 

eue»v»<*: F**, * jn. fc Fivs 


Hi Tm 


-T* * vj* •vim 

OR T s iiv^A t0.\5» cos IS * VvltlTV Q*} 

= 8^.8. &\ (, 0 AS, COS iC* Vl M V 0*1 

« sQa.o<«*- aO ort 


From ~ut biAG.AA.vi.. 

2X A vW^ * COWmsNT 

Tiscm 2>5 a * a5«^*c> 

f>N*> za+, «> ol^ k «o 


"V&A 


■*/E.F^ * O * — ts)p% — VJ A COft* 2^ » O 

o« N A • (w\ A **0 c^roa iv>* 
sl.'*»mg.: F* * ja* M k * 0.\S»(»* A * wO<^c£ysZS» 

<IF»rTH N a N -- -T- F K -F A *,*Y) K SUEZ'S* W\ A a K 

■SvJftSTlfUTtMC. (AMO OSXVJ6. to. C\V- 

T « wyc^-swi K> - C).\?> Lth* * tA a N |C^toslS>*- OaS.cvi^oqszS 
- rv^t-aVi 

* ‘^L'NVVn ts*-0.\S>C»A».*-2 w '6'iCDSZ.^V >A A CLft 

« <*.8\^Ao sim l** -Cs.\M AO+ Z^ cosZS*’}MOO* 

■=S)\.\SR02*AOa t CM') 

EiiopcTiMG. the. two exRR£.v»\e>MS. por. "V.. 
Sts.A-pisi-a*') «^usioz-v Acstx,, 
or a*, * - "\s 

.*. a%• c>.js^ts-* 

Ob'! Wave- T*&t^AT*<,Z-Ufc'»&Vl*V] 

or T - ^>\.~\ I\J 


Novi.. 

a«. = Q- A » 9-fciA 
Iaem 

o^*a K * t-2a^ 
or a*,*- a A (.*') 


oNtN' » - O t u ■*■ 2*b 
F nvi^ '. 0. g 

tv,') T 

First oete.Rt^'vie. iF the. %vacxs vi>\_u mqtve rr 
the gwem vav-oE cc 6. Taos i seek, the value op 
fe FOR WjWiCH Trtt RLCXXS ARE in HV\PeviVMG. 
MOTIOU, VJVTVk 1UE imPEnVakC, MOTiOM OP K 
■bOVVM TAE IUCUME. 


t<tOKiTl*ROE*>') 


C.COMTiKOE.b') 
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12.16 CONTINUED 

< QW£ni '. Ps 40N j »•, fe'iS 
F»n*> '■ CQ.a 
CV> T 

FvftST TsCTEftWliMt Vp T\4t Rvocks V«|\U. move. 
Foft tvac viw-ut op V. "Twos, sef.K -me vtstue 

op P Foft vsi*\w tme ftuafcxs k«£. in v*^oe.mS'*K 
MoTlOU, VsMT 4 Tftp. IN'l^ENitllNC. MCfUOM OP ft. 
bOVUNi -T>\e IMCUNR. 

ft - - ^ - Vl % cosis**o 

l -b ' N *'s Oft N ks - IS* 

F^%\/ Mow.. ^Nw. 

/t\J * O.Z mycosis" 

'^P l sO: -T* *• VJ* Vn 2-S* 

or. T’£>.Ztvv fc <^ oasis*» 1 * 4 iC 

^'Hch«»sis**s.mIS*') 

* 4*1 SSiV* KJ 


*1 ■vVa^/^sT / ~** */£F» 1 -0: Mfc-Nnn- V)*«/>lS 

_/ is* 'pA 5% F»A ♦PsmIs’-.o 

-^y x|vj ii< 

-*■ /\ , Mow- F** MsM», 

/^P oft F-*0,Z.U»'V 4,v VY\«*‘* s ' 
***' -R _ -P*mV»1 

"^■LF* s o: -T - F^ * MJ* s>mIS * Ptosis » o 

OR. -T - C>.lA V.TA,.* T/\ % '|t^toS IS* -? SiM is"V aiwv^cosis* 
* Si*J IS - ft cos 2.S” *- 0) 

OR. PQO.I s,n IS*- Cos IS* ") - T-* O.iUtR^I^')^ cos IS*} 

- iv\v»ilS 

~v\E*J ft (.0.1 sinIS\coSZS" 1 * 4l.TsAZ-4 c ) M 

(.404 Z»e>yosZS"- 40s,*ilS 

Oft. ft - ~ \4.04 N FOR. imPENt>lM(» NVaTvOKi. 
Si*4te Pc 4o H 'rti rucxjcs viwx move. Mow 
COtsSSlbER Tfte. moT\OVl OP Tftt ISV-CCftS. 

(.cx.'v 

S>: 



su*»*4C»: Fas T Ms M«a 

» D. VS 'rvc fc <^ ass IS 

''■IF* 1 \ a k ■ -T - F^ ♦ via sim is •» 

oft ~F' 'Nv^t^^CXvS CosIS*S*4 llTI - CXa\ 
* Bt4.&Uo.>S tosIS ♦■ sin WT) -Qal 
= %(S.4lSSl-a«.') (n>) 


M*/ C' s/ 



(CO MTV Mots') 
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12.17 CONTINUED 

a K » a a ana f.nS n\a) 

Avi O.BVJ* oavvs'-yi^ s.n'E*-Nm» ' «5 a 
6•■ o.szW^ cos vS*- V>V sin vs - N m • a 

Sou/. mc» y.elas AM.flB ''G 1 ana N,,* «-0-&sS vy 

WWW CONTRASvCTS THE ASSUMPTION- 


12.18 


Gvven : d SO; 

,tb i - i °. ‘ r - c> 

_( ^*NS • CAStJ,,)^^ 

—ft CV»S ax* WHEN 

M <s*. « o 


F|R>T SETERM.Mt TH€ COMISinEA MINIMUM WEIGHT 
CF BLOCKS "8, AN<S C_ FOR INIPEnSinC. MCST.CN OF 
WVCKAGE. l\ Of* THE WOlNt 

jr T N*-VI* cosTo *o 

'v' "V^ cR N* •. VJ* CCf»SO 

\ < Now-. F**)AsNb 

^a * O.TF.VJ* cos Va 

\Ma vLS.*C>^T-F^-VJ^vnTo »C> 

OR > * VU, (O.SS cosSA * bn So ) 

VJ* * loO VV> *> ~y « 48Z 'V 

"Therefore ■since T m ,m vs less than T 6vc _ (,4 s iW), 
>Svoo»A£ A. will move op the incune when 
blocks B> ams C are release's. 


CO.S ” MOTION I .. A, % ANb C MOVE TOGETHER 
THROUGH 2.S V\. 


\ V,~\ \ -^IF^o . M*-W* ass3o *a 

\y^ OR N* ■» Vi* Cos So 

h**\ SLiSiNG.-. ?*• )A* N* 

* O.SW*cosS(s 

^AF )k ttvyQ. | i T i -Pa -W* sin So * ^ a ' , * 

OtL T, » 1*0 (O.ScosVs * SinZo* q} 

= lo(o.i« toft. (2.1 

tOo ATI NO THE T\NO ExRRRsSnoNS FOR \.. 

^S(\- ^V- Lo (O.TSA eo8+|^X 
OR OL, S to, Zl» FB 's'- 


* «, 

Motion Z .. C vs w rest K kns % move 
together, through t tt.. For thvs case, 
Eav COv ANS CZ.S become .. 

T t r-SS(\- ^ (n 

(CONTINUES') 


12.18 continued 


•Bob * (X s ) 

Tw€w (\- t uoto.ivs 608 , * 
or a t »-ZnS&e>q 

.'. -IMCE (X t A O ( A. BEGINS TO SECevjEJLATE AFTER. 
8.LOCK C R.EACRCS TWE. GOCunS; TvWW. C>T*^ m * x 
C 3CCOW.S AT THE ENS OF * MOTVOUJ t. * FoR THE 
UN FCRMLT ACLELEXA.TVON CF ’mcSTVON V, HAVE — 

«-a 1 * 

When A>.*ZS(V. *- iJ aV ikx - 2 (to. 2 g4S s l ')(.2 S ! >Z')^ 

OB. OCkW 1 "^' s i *?>.w * *V'V s _ 

cbl Fl«i>% NOTE THAT AT THE ENfc. OF MOTiCiN t, 
THE b?EEfc> CsF TACwAOE A VS.. 

^a'W. 

= O.VL.M ^ -v Z(-1.SS8S Z’-Xt ^ 

CR. Vo.uA<VS ^ 

Motion S _ ?> ans ( ARE. Ar RESJf, A continues op 
the incline ans Finally comes to rest 
For thvs case, T»o so that to CL't becokies 
^( o^Bq isoe.-* ^*o ti r V 
Then- a^. - o.TSFi6oe.csz.zN * -Z4, alg 
Tlen-. a waj-* za^UjV), 

When *5*-o'. C>= (b.toCAS ^ >HZ(-Z4.4U»V\aX, 

OR CvX, F 0.402.2 tt. 

The total. Svstance g'ic* traveled by i\. op 

THE INCLINE BEFORE COMING TO REST VS 
THEN- 

AXa = AXs,* AX^ AX.^ « (2.S + I + 0>. c tOZZS^t 

OR ax* * 4 Ao Ft 


Gwen •■ Ihe three systems shown,» r a »o 
Fins (.for each v^stemY 
cas a* 

CSS iCT* WHEN Al<* «.»o(1 
Ce') G Vsjren 


((•. -mF^-tA^a*: W*-T, a* 

CR T* ZOOtV- Ip 


&•■ v^a*'. T- W • ^ a* 

or T *Voo( t+ 


”Ma 


t CONTI MUEJs') 


%-vCc il, 


VV V) t 


nlF^nva,'. W^ tV^-T. 


_ VJa-VJc 


or Tt%U- 5 ) Cl) 


CMV.w\ c Sa, 


69 






12.19 continued 

EooACTiHCx THE T\MC> ExPRJOJuOTOS ROR T 
VKJTlUC* THAT ICX^ * \ a*\.. 

ZjcjoO- VjVaoC^ g 'I s* 

oft (V'JV v') * tO.TYVft s’- 

<■«> VWe- • W?St 

VIrtlr Cv^ K » to C-l: a 3^ 1 « ZCtO.TSYl s'-X'oFO 

.* «* ^MA.US»\i 

1.0 Wave- ’fctfX'V- 

W^S»J »V to s • •(.vo.'tWS^V 

-a* 1 * V.8C& s 


12.20 


StsTEKV Z 
VO _ 

K' t T * 


T stooHs 


Q 


♦iLF^-.vw VU-T* ^«V 

o«...<X K = («.t\0- 

a* &A * tUV g-1 ' 


/h. >v 

VW4 Uane .. vV * Usy, » io^Ct-V* 

ViHKkl Cv^ K *voV-V- ij^ » 2.(.tt,.t ^v'lUoW 

o Oft ‘Jr’ VT.A4 % i 

to VWe - kJ.. iA0 a -cvt % 

ViHSM 1 2o*ls * (."o.V s 1 n. 

c* V. • V.1.4 1 S 


Stste 

At 


Ip m [j] *, 

ft: |T 

□ -□ t 

♦ Vi* M< 


VIk-T • 'if A* 
OB.T* Z-ZOoC'- t£) 


ov T» 2'oo Ct» y ) 

v*»a% 

taoRTiWG. -m€. TWO 

J E-*.p«£.v»ors ««. T ans 

notvho. TVWtT \0*.\s '<X*\ — 


tloo( \ - 'l • ttOo (. U ^ ^ 

oft. 0. * ** S - £>C«.Z *Vs^ » O.-RB 84 

.*. 

Ct^ UftSE „ kT v •■ CAV)„ * 2.0* 

VJhew A^» to V\.r ’ . Uo'MftftA’^XvoFt'i 

0 on. 

co vw*.. *- 

VJreh J- k .2ot » 10.148 64 *Ot 

o«. \ ® tU».T S» 



C'SlEs : Q.^ « oa*4VT*»jT ( 

» 1. \u^ • MCTOM 

£>P ft is iwiPENA'WC.; 
)ft» * o TO, JJL^t 0.1*> 
F'NtV Xflk^ Q. tl _ vjrCm ft*v.t 

am*> *4,^* f4«_* iVJ* 
CV»» *m« M*c. 
VJMS.M Ol e .*Z. o^i 



First oftve.R\« tma.t i&ecjVjyt % \s k*sr mcnv*o<, 

WtlAT'Ve "TO A. M.1K, TO C TWiftT 0-B • Q. ev .. 

XOL'i Wftvt.. F * 

F - f - •O.iocrvj,'* 

| * O.Io\>4* 

Cl wvja, fs» a*vto«1.-w«. 

Vr O NET VERTVCm. FOftCE MOsT 

ftt t. WR'tR WejOO'Rfe.S TRRT TUt FftxtTVOMW. WsftCE. 
fte. /SCTlMC. RS SUO\MN. It TR€M eOLLOVMS trkt 
Tvtt IMPENVMC. MOTTOkl Of- ^ RRXKTlv* TO A A*J«> 

C vs bOVNNWKftft. TvVt.v>.. 

T-H.F, «■ asj. : ZF-VJ^ * "VUv. 

eft ZKo io - Tv^ftn. 

oft (Xtv.* “v 


Uftve .. 


F« 

. O.-VoW 


' • w* * " L’tttvJ N<,VJ tv>at 

3 aetivjse tre ^fttcrvcs** 

OR TRE lw\PEMSiMi tvcrnou \S uWiNQWN ( THE 
t*RECTVc*JS OF tRE RftvCTvONRH. CoftCES \S RUxO 
ON<NOW«J (RLTROOER Ffjsr t^'OST ftE lSOVJMS^RfthV 

*ttF n ' : i ZF - YJ* -~TV^\ a lv \ 

aft - ZF = Tw*^-\ove.\^ 

S»»V4CE -tRE MRCiMVTVJISE cB F VAvJST ftE 
■PoSvTWE, tT THEM COLV.OTOS TV40CT F 1 RMb 
THAT THE uvtPEHbtKiCk MOTiOfti C3F % RE.VATVVE 
To A. A*j»i C. IS 'fcOVJMVAiAiftft. FiMAU-X-- 

ZtO.ftoMV 

Oft ^ 
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12.21 


QivvEN - T-O, iSSO* Foft ^ 

*** *»1—•, 

WHEN tojfii'lilM, 

*Wi *°i Hs‘°''S^aftS 

Fins ' Co. 1 ) ^ 

L's') *«*,o< J «.t/Efci_T wutvi 


(.QT For the ONiftaftMuY ftcx£Cftftft T ES motion op ft 

VCnNT ON THE Z»E)CI UftNE .. 


- Mm - 

• *11 *1 © 
— EF — 

ft. J ft* 


0-0 , t 

'-*!'• A A- * 

1(5) *iWV^'*sV- 

3-* =l.uqvo 

ftNS A,_ 4 *Sf 4 a,!,-,. 

» l0 ■ 4 (.l's‘X'‘i*\ 

4 ZU ^ 


i 1 -- za^U^-*^ 

i i uu sV* za l 


O * V** V» S » ^ C. U I,\, fc '‘- 'i'OTP" 

oft a., »- <o. urivs 

*■ 3 . <* _ 

. . &,.-- U.US s*"* - ^ 

CW) Kisvi covivseft the «v.ckw^E vo* exsA voitmski 

OP TW£ MOTION 

l “*> z. 

IVI ftIF^=o: M- VJ *■ o 



UJ 



r»i 

u 


oft N* W 


('W. F, 


LJ I_|«*~A '™- WftSy, 

?«l |N klSjME THtfT THE >>ftCU«»E SOES 

NOT SUv* NO* \S in tKlS’EMb'HG. 
Mi3!iOM fttLftTwE TO THE BELT 

mtN <• F M>A ^w«x\ 3 5-> 

Nos Thrift,•• F a •= 'mo., w* ^ 

S W (. ^ 

* O.ZOAVJ 

,‘. F^ (0. ioA W'U F MML (.O.’SSW') *> /issomMioki is 
CoftftECT (.No Vjfti>*K.') So THftT 
<“*(>NH*C.e/ftELT\t 


N-WI«o 

tv4W), c*. N‘VI 

Mo«o-- F^- 

--o.vsvj 

RepehTinC, the ABOVE 

liVJMTON IMdl ES 

Ok 1 “il 

»: - F,« « xv\a, yv\ - A 

- VJ V <ftei w/^1 1 


12.21 

“Then.. 


continued 

Sl>5*5>\NU •■ F,. 


F c F w « 

*-£F„« ■mcx 1 : 


'HEM.. SufSiWl. •■ F** 4 ^*^ 

* O.ZS 1W^ 

‘y» , wui wtlk ') l . - F-^s * vv ''^° 4 »<-*.\ 

Oft - C>. IS tv\<^ w\' l.Ou*«.\ 

oft. C0 unm\ * - CIIA(5 .B\*|^«-2.ASZS '"K 

o*. (P*M»M«ec0 1i -s -Z. AS1S cj. - (.- lo. un as ^i') 

= A. nAA4^, 

Foft THE aco .. ^ *s t 4 CL r l rt w 

Oft O. Z.U ^ 4 t,-U.wnAS ^i-Xis 

oft * O.lflZ S\ S 

\hen-- (*p*toj%toXs 1 •*»' v z^^ wH fiieciX*Fia 

= OA^ s x X^-Si 

. tv. 


nNAiUX- 


12.22 


*p>wj<AioE/»ta *■ ^*w>t»gefcja\o ^wtojeejcr'l 
^ * 9 *o»A£je( B t t ,' , 4 > .S'Z) w\-* 


C>WEN - C.iV'ia *°» 

(.^tX *o > 

MOVES 
CDNSTftsn 
dCCElE.ftftT\ONS 

a., ins a z ; 

fJLs s O.^o 

E Eit!^' *jos 

■subiME cp 
SHlNiUES \ 'S 
NOT TO CXCoft 


Oft Fli- O.ulU VO 

.’. F,.s to.wiu VA > F mkh (o.sSVJl ^ fts*uMP\ioN »s 

iWCOftftftCT i so THAT the "PFtxa&E SE'<ft OKI THE 
ftECT A.S THE ZEVT ComES To REST 

LtONTT'NOESi) 


: N)cste thkt the 1»«es-T'«m 

I 'ill f ' OP a, Fx»ES THE 

1 I - Ai s° t*ft6CTlOH OR F, iKNb 

-] - -^XJ THftT POft la.Vtt, 

f. 1^1 F 4a CF 4 W 

Then .. P, =■ ^l^W, 4 O.'iM, 

4 tlF M -<Yva^: H, - VJ*. 4 tv^Oi, vnIoS 

oft M, ■» rv\ s ( 1 c^ 4 a 1 siN | oS“) 

^IF^itvv^cXx: F, 4 vw K a, 00s L.S* 

Then - i^a, vmV.S .’\ * vh*. a,on.us.’ 

Oft g,« o.s^.&n sM ^ 

CosUS - 0.1 KiNUS 

oft <.a,w ^ s^^iA-us* M 

a t : 

1 ^ ^V 1 - Reoo»«e - F l »)i 4 M l »6.'iiM l 

♦ _ Xus' ;^-Vl K »-M (> a 1 SiNt& 

- ■ - - - ~ --J oft N t - or\ v (.<^- a x VN u?»*^ 

Nj Fi - f t » - w» K a l uss us 

Then - a t siN us”] • <H K a 1 cosusr 

oft n . o.\C < A.6\ lw ^) 

* ' cos US -vO.I SIN US* 

Mi te-iW^xA^-T^* M 
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12.23 

C.WEM ' 4.**, tf'O ; ^v* 

i% \ I , ^20- 

A X ^ FinS • ^O T ' : * ,1 v' 

rftfl IWgn PLVVMOte splits 

-Ml 

^XpLWJOCAlTaxlCM : ^ W> 

AT t» 0.4 S 


l&V SeEK THE iJAl-UE CC SO THAI 

ReiAliVt MoTiOn OP "WE. PLYVJacA vNvTH 
RESPECT TO THE TAxXlC vs ItMTENteMOA. HlTE -• 
2.0* . . Q-elvnoos * 




12.24 

CiwEk) . ShvP Of VJE'UWT VI UM.st a. 

?tofv)v.we foACE F a < AT t<o, 
l?’ *T. I.’PSRVlARte , A*E 

REVERSES ; Ut»» + X 1 
X WWtM vS^O 


f'B>T CoNVteRA VJVVRN TH% SHvP VS Me*/l*jC» 
COvXVIARS. 




Let - W l where Vs vs a cqnytisnt 

- o: F a - b. a ; 1 « o 

V* £«• 

MovJ OolNSvSCR VJW.SH THE SHvP vs vie<E.vjE.vW\NC*. 


\N ^ Mow CoNSiSEX VJWSM THE SHvP vs Tie.CexE.vWv»l 

' Wave- F'^xsN n n 

= o.4N 10 _r~^ ?y|Vy _ ^ i — 

- WV^ o.^: M- VJ^ EOSli> - tv\ plv q. t< sin2o _ S— - L~__ ? C- ?0k -—7 

ovx l\\ * (.c^costo -a TW s>M 20 ^ ?• mI - VJ ' nTO 

+j£5- x ~- WVy^ Q.« • F - VJ^ V»Ml.O = «'Ap U| .^Ci. T n. COS Iji WCl: - F» " Pwt«tt * 

«*■ F-^^^^^coslo’l ox a .-&(?.♦ 

NvJESTvTOTiNC. INTO UN-. ^ 

TW^ l^siKio»aT»cx^2.oVoATvv^^ccslo-a,fcVto2o'V MoVJ .. (J-a^v-Oc * - 5Jv5 CkT*^ l 1 
„ , 41,0-4 COS to-SlIVtoN ■ nr .t?v 6.4-TANto for t'O, ^O, vJ-.vV- 

^ CoStoVoAsiNto* VOA-H^S ft gu\°j£$* 

«*- Jo x * F - k d 

Cb") First note that reovjse ale op the or VI * - — ^ ^£u*wVd£^ --£^^lij 

VORCES ARF CLtOTfTANT TVAE AjCC£VEvX/W mMS < N F* **» “V F» 


12.25 


OR lUi'^LNi ◄ 


Coven'. Comistamt Cor.ce ^ ; 
Tvsrcto aht> «cte cc 

MASS Wv; VtJ-^ 

AT L'O, \*o, &*o 
V»w . FC.x.oJ.^^Q vs linear 
in X.lJ, ANte t 


Cb") First note that %EovjSE all op the 

Co»t£S ARE CCAVSTANT, THE ACCELE.«ATvO>AS 
W2£ also coL i vtant. Then— 

^Pv.y/T«. * * 2.°*fV.T/THv 

Kt i--- O.'V s: iwv T i CLf^^ Co.<V s? 

OR AcltH-r = 4.^5€>n 

Q-plt ~ 5-ta v O'evr/TR 

Tnoi 2o; _ 

d ^r /I. w F(.VlJ,L 

,_ IN 

E \y ^PLT ApCTfTR. ^ 

Have.. F»^N __Tl" I 

» OT Ni Iv'V In i*I.F x * TWA’. P- Fq,^ » (V 

°"V ■• F - ^Wt ' "Vlt (.CMaCSSlO -OsvTf-iR^ Hvl > OR O-wvW 

OR F V Wi^ y (.Q^SvvjZO * Owt^CCaZr* - <VW> Mow- ‘m. rf 

‘MF^v-^a^: N- Vl^ ecs 20 * - iHp^ (x^ svnJo Nt Li-O, »s.o; pdL «• wf 

C>R tsi I ifHp^ l <3 COS 20' Q.-rfv.SlN'Zo') ° s 

boEVTlTOTlNE INTO ’tGi. W .. OR -\. ■ Yn\.- fc. 

a TA^l*-apLT/T«.\ , OR -L,-^ L>i -V^ FH 

* Ci.^ LI^costo*- a T «.SVK 1 ZO *) Also.. vT« ov - ^^vj'V 

« •" v-.—: i>—Cfss 

- s g jtf V p Av^n^ . x _. w ^ ft -i + 

costo* 0.1 s,N to> r °% ^ V 

t«v - YA^- ^ - CL LN(.P-VlvJVV 

°A 9-wvuca s 4.n S l *“ , (T p V-Rfl x 

OsvNO, tvSv. ON— Vx - - 

or rV vtovT-TL - o 

VJHVOA VS LINEAR VLi X, kT ( ANte T . 


EF X c wvQ.: P - F olV _ » (V\a 

CR Q « VYV tP- fe-vy 1 


OR Cx^ 


costo * O.^SvNto 


« F : V &' ! s‘vN(.0.3cos2o- Svn’Zo)* A.^TbET^p 


cosZo * o /i sin to> 





12.26 



Comvtnni te, 

K 

K-l 1-0, k«x 0 , ,s«o 
, t-1 Mb '■ ^ M C 


12.28 and 12.29 




F«rs« n^tc.. 

Fy> * - C *•*»') OHS \ 

--k( 4 x>«4 1 -O 




G- 'MEm . 60000 K,%. A Ml C_ the 
VouJLf/ C*»k*. VtVTtM, VJH.VCH 
CC M«aU<i'b\JE MASS 


I N 


□ - Q*"* 

^ ^IF-i WNO.: - F i? OCft>b - ’NNO. 


Vslftfcftt. tosfe * 


>R C T<- 


«N . 

^ v V > \ 

IHEM .. 0.= * y«(,UM l V'»rA** 

Novj- * °- * ■ wCx- 

^ f ^ \ 

At x 0 , k5*o • j o fj"<A*3 * - rv\ ^ xVT 1 ^ 

°r. tc^oCw B * i* * U 0 , 

-- i &A 

oft C^^V* ^(G^V- ◄ 


19 ?7 

'*•'*■' C»W£m '. AotomkAvlE Vvlti<iHiMC» 2.100 Its, KU>JT- 

WHEtj. bftWE, -- OVCYJ , ^i s . 0.10, 
b * O.otZtf* b~A>, ; at i*o, 

x,»o, »r* o 

Fisib • nSU,.. VgftEM C».i$> m 


-Q^=& 


f'lft-O.'i&Vj NpsO.lo2.Vj F * ^MMk FC> A *F* ^MKN 

.'. F«)*.Nf * O.lO^WVA 

= 0.A14VJ 

F-b»^a 

or a* (.oaiaVj - o.oil»5 1 ') 

= o.ooz^j 

Movsl.. iS Q. ' O.OOZCnI tAtlVJ-GiS 1 ) 

A.i x*o, tf-.o: 0.00^5%^ « C wS?C 5^ 

or o.ooz^j x * - «&*(.mV)-u^l^-^ui( ) 

in W-u l -o.o2.4- £,*• 

OR -2.nVi ■- «• .O.WA&* ,*li 

OR (JT-* I’CVsJ C\- 4. 1 \ 

When y,- 0.2.G tv\\ » XGtO #-•■ 

&^--[ l T~frooi\- i ooaA '^°)V l = ns.xbs^ 

OR tW'-WVb^ ◄ 



\Z. 2.6 £wem : wy = 4 tij, >*'a c ' ok 6, 
?* O 

FiMb: (0-A Q.*. a*, awe (X<_ 

CV>A T 


—^-| - VJ K -2.1» tv\ 

.S |J=J_ « 

“kQ-a "V^ 

— r» IT 


-2-1. nva k 
ty - 2.1 A 

s-Vt 

‘5-IT 


21 Z1 



■♦•1^-TTtsV A1 « 

—| CA cv,-. ^^^-41') 

--q-JsT 

«ya» 1 V s T 


iHD - Q 2 


A* tv ^cRc •• -T « w t a t 

^9^ Oft. at-.-iT 


SoEVT>TOT>M&> THE Es.P«Si.S^OM^ Foft a k , CX^, ftMb Oe. 
intto Ec». Ctl-- 

or 1?(. c i.Bt'>= le.isit Hi 

cal Then .. a*.- q.&\- 

OR a K r O.^Uo ?'■ i 

a*= Rat- ictB.sem') 

a<»- iOB.Rsitl 

oft a^-.q^ ^u— -<s! 
cga Uavf. .. Tsia.^qw^ 

(tOKST>MUCb1 
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12.29 continued 


Wn : RijXh. 1 ! A.C, RnR 

rns the Pou.o(/ca.riJL 
TTViEMV, VJR'CH VS c# 
Netuc.>*ii wE&ttt, 
srcnur^ V\* VJ,, - Zii 
VJc- 1A W>, VJ^ --CU 


iwvC 


♦IIK,* t^o*' VJ^- AT * 

c«. wyc^- A"T • tv^a^ 
or V©c^- AT * Woo* 


ComRxRinE EUtS (.i") A.Nb Ci\ VT FoUAVkS Tvka 

Q* b a*. 

.'. CX*«<o.tSv*.i ■ 

Sn»ST\TvJT 1NC, INTO VLCl. C\ V- 

ZCto.LEV 4U>.2.sV a<.-o 

•'• " a t *‘sn/5«5 1 '*- 

(.b'l From Eo CZ-V- T. 4Vv°^ 

* At'Y&Vlo.lb'k 

OR. T « IA LA N 
VO 


Gwen - . 'ry*6tq i rvi^xiuta^, (v\ c «\obj; 

fx^% o.n>\ (».t A.*o, *s»o; 
Kt tittSi, ky^«Lr<\1 
Z^P- VO.'J 0. % , ftNb 0-5. 

C.V.'i T 

VO ? 

VO First note, that necrose ft.u. op the forces 

AA.E OoNSTRNT s RU. OP THE A.CC£UcRATv»**S 
ARE OONSTRNT. ~HEN .. 

Mr ' <-'lv'>o*' O^t'L * iVt 1 

(Vt t*o.e,v. Lwv x t^vo asN 1 

OR a*, » lo.ZE 

a^su.LSs^l 


\Z.'bo Gwen -. V F«^ &T = za ^ 

Pinjj-. (.or a Ri o*, Or. , rn*> a* 

VV> T, G-W) 

co 1 1 .1. 

fV- r 1 - 1 ] I-1 4 Dy-ivw Vk-^,-*\* 

= |_ I_( or LO-2T ( >T t --^(V «& 


l ml( 


VJ^-ZTT, ^ %a *% 

o* zo-Zn^V-^a^ ifi 

Note-, ttis, CV> *n*» (A) ’O 

0-R 


ihen.. Eao'* o a t *-4cx*. EauA <» a^. a*. 


|,s[ B 


♦ iLF, * n\cOk." Wt -T, » ^-a t 
c* T,'lAVv-^ 

^ • x\AV\4^') <A> 

cr Vil'bO-JfV 

* to-fty- 


VASTttvJTiNC. POR Tj VEa. (.Ol RNS T x ( El* 0oS\ in 

2-O-Z' 140^")-*- Uo-fe^tV 
c* CXr» ' ls-Tl.1^- « LTU ^ 

C CONTlNOe.b') 


D -IO^cn H.-N - o 

^t«4c °*- 

suoiNt.: F • >».w.N 

* O.Ly*\ c a 

*IF»x Tvyck_ ; "?♦ F -T * wva^ 

OR \ > »T + 'NVV0l c -O.l9'l 

* VA.lA N ♦ 

or ?.^BoN— ◄ 


:m 


4l2J^*'i«VO K -. VJk-2-T. wvOr 
or ry\ N ^ - Z-T * 
or 6^-ET-e,a K 
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?- PcsnZE, *■ N*,» imtt = *fy,<X*. 
cut N,«= [iS<V- 2.ZSO-o*ilS~y\/vwl^* 

EoO'V1.NC» Tv*€. "T\*IO E.HPRE.NVOMN FOR M**.. 

(S^oasts’-(X^VNZS V ^' 5>0 *‘ ^ C ^ ■ ■ 

*(.4 S\l<^sZSN.N*a * 4 'SO-conZS*') 

• • • 2 0O v 1 ’ 

Cbl Erow\ to. ov. 

0^ .- \«>- W.a^MNis'-z.i^-ftc^zsT 

c* o^« l^zs 


^<V- 




12.30 and 12.31 continued 

j. .’. * CL*. « <X^ * 2 . nAi ◄ 

psn*> 0k C *-4ti.'K,9-'| or a t * »\.csA%. t ^ 

Cbl SottiTvToiiNC. iktvns Eo. lS'!.. 

T,M4(V ^t-~) 

or T, s \B.e>o 'V> ^ 

\Z.Z>\ Given: <.£,1^ *\oVb<; kt 1*o, *r*o 

r<Nt> : sal per Vis 

C-bl R1 7»T>S 

fiRVT NETERnvnE THE RCCEXERM' ONS OF FSUXKS 

\ , C, RNN b. 

7 f ft ^ *-V *W Vj n - 27' \ -- ^a*. 

A: [ ! I I- 1 CR 20 - 2 . 7 * 7 l *¥ > a k SV) 


0-[j] 

1,1 *»*V 


ff4j I W|- ZT ,*\‘^\ )1 ; (“t 

yjj* NJ or zo-27*\*»o« ^\w 

■Tr *™U* , 0 

Porwhc* 13>V SAl *> - ICS * (.CU- 0*1 

«■ a* 1 <V i<i 

Then.. &S OV 2a*,*2COA*i3y 0**0 
or 0<= - 4a*- <1 
Ea C2Y- 2 ^-Oa-SO^. i^V o 
«* a^JViS 


C.: P 1 _ »lZK 1 *W t a < ,: VJ t -T, «c 

, - , <*■ 1,'HO-f) 

— I-* M-l 

*Wc ‘«V<V -2BIU2 


40*.-V\ 
^1 1^1 


X_L _ V1&-ZT*' "S^b 

| = , OR 

I—LJ L_LJ *aLi-Ua**^\ 

S-JiWiTvrriMG. for T, C.6a>. SSS\ OWN 7, l&». tv>V\ m Eavsy 
20-2t26Ci + 2^>V8C^-^.|(V 

OR 'i * * * 'A <-«.2 ’b ^ * -<• 

'Tv**.. 0^* - 4 (- U.°io * - 4AooS 1 

Ofc • -(.flo v Uv.1 ^1^ • (as 
Kfc.it: Wove uniformly xccElERrieX) moi.on, no tha 

OS -- 4a' “t 
10.1 U*,vE.. sTi^a ' 

°o ‘X WN * - a *A u 

s.^iaB-E-b51oSi^i.iS 

or ^'24.2^* ^ 

^RVE- »J c|b » 0^-^ 

«*• ^lb* °c^‘ ^ tt 

= (,-lUO-(.\E)?» ^s> 

e* *M 


12.33 


2.32 


(.al r.«,vr note .. a % • $l n * o^ K vnere '*» 

svrsctes xv_onc> iwe .NajkiEN norfwx of K. 


-W * TAaO* - . ? - VJ* V.N ZS. . Wv^OiaCO 1 * 

. *' i **0«i(a 

or 22S -vs<^ N.NZt. . \SlC*.<x>Nli»o**.l 
or (s-^ninzeT * o*.om,zs** ol 
•/lE^-ixya^: kv*. - Vi* cos is* • - taa a* s.nzs* 

OR N*» * \Slcjtos tsf- 0.A VNz^>*l 


CwEN : , «V*22V^ 1 N % *>oWj. 

<« 7*0, *5*0 

F»wb : <-ai a a 

CV*1 RT 7«0.E»n 


cv»l a. 
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12.34 continued 


12.33 continued 


*LF , n* 

C* N^= 'q'l 

Vl^to^Jo-T«m®a^ 
Ovmc, OV- 
T- vi*luiita’t If ) 


■IP X - w^a^; VU.vn2o ' Kif* -T 


V ' ^ 


^—- » \o(.*^OOSio -Ci*,V»>&So^ 
^■BOQ.i » cosZocoaHO^ 

? 7 ± <>iki So* • LMHo\ 


Now SoSSTCtOVE THE El.PftES'XOHS «>R NV*. fcNfi T 

INTO t*. (.tt., . .0* <V 

SO VnZO * SO^'HZO- ?fVVi<.«>>»U>T « SO ^ 

oft o^i (1Z.i ^.'K'&^'NTjo-ScosZo^ 
e-d.Z.4ZH^k • 

A a j . rO.LA'b O- y< to 

OaMC, -me a«ove tX'Ps.e'A'oM eor. "T.. 

Oft T • 2.6.0 \b 


"'•■I.Fn-- ivya.*- : v\s(n2.o - tA^a^- 

Oft 0k^« ^SltNjiO + OytOA.ScJ’ 

■» tA.et-^NTo *io.4cft>\ ionics') 

1 TAlSo ^ 

FiM<kLC<.. 0.® * ft®* 

~ . viwe_ ft*=i 0 .Aou\^-i.VVSo' 

Q-* -UU.Ac(o\\'vAl videos So 

\ a® Oft ft*, I S.<H41 

\ ANO -|.VY»,o ^ S.A4Q 

1 ». ’ SinV. 1 

oft (X * taa* 

A a® « S.^A^T 'S-C ^ 
CV> Hare- Have onipormcv accele-Rateo motion, 

SO THAT *S = jS?° OA. 

Now.. tle.ft * * &®t - Q^A •= 9-*/®t 

\t -l-o.Ss: kjv. * a 4TSo » OAs 

*3 « - . — • ^ 

oft ‘S*.. ST4 ^ Zo ^ 


^OATto'i 


Given : H, = so»b V^-5o(b 
Fino : 0.® ANO T 


■w^l®u>slS 

S‘W>is 


Foft CRATE B-. 

TA^^-. "W -Vj® * ^a^-us 

o* ”W * iWI^V* ^ ) 

* son. an i\> 

Foft TROuiY K- 
-TfyOi*,. "Toj-T^VinZS-VJ^SimIS 

lea : (.Sen. 61VW) S.N 2S* ^ 

* t4o'v»y>'w«T v 

or Tc b » ZVb 'b M 


HRW h»TE '■ 0. & = VMWEftE 

SlAECTEO ALONG. THE Yh.E oc N 


(.COWT\NOt.b') 
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12.38 


GivSn : t CONSTANT. 

p= O.SS no, ©* ©cT 
F.nv . T^ 

<V> * K 


CwEN'. * 60 in. ; 

(S" t * CONSTIV.NT ; 

V to ’; 

\* ' T C» *T 

aS* c 


LpO 

’ Gk 


V\Q&* MOT€ .. CX.^: - p 


VL/ 4lPu s O' TttLVt^laO - \rj* 3 0 

or t^, iila^v 

VMW) 

-. So. A 2 .U. M 
t .’. 7(*.--&0.A N ■ 

t-Wl cost© * *y - p' 

,-T lSo. MU tosioo *OS'iw 

OR ‘ ^in. * “-:- 

*l .i W\ 

OR. ►Sv * 1.10 S * 


12.37 


Gmen '. wy* O. Vscstey, «J K = 4 s 
Fins: to-1 6 


12.39 


li* \" c * < FlWfl NOTE — Ot^O-n*^ 

INHERE 

“ J - » C ^ NwiN - n. v 

Hj, ^ 

OR j>: W) IN. 

* 0* Tcr COS Vs +\* k cos SO - Vic. * O 

e* T» - S ^?-* 0.1V10 S«vr 

CCfciO V COsSCl T-l 

^,5 *V<k : T^'blNVr + T t% SlNl«C> « TA t ^l 

. _ • • V ^ 

O* &r\\l )« w c p 

or. 0.*VYZ. OV ^\(Vte> 

*■ (_SIN‘iCi**r SlN loO ") 

OR i^_«0.lS^s 


’oivEM'. H. = ate; <3 ,.--Constant• 
*1 V 1V»; 

S, = ■So* , ci * VS in. 
Fins', (.a-i S t 

J t 


/U _ >s£ 

. FlRST NOTE— a**a„s D 

J - f - 4 « - ir\ K a fc WHERE. p- Sin fe 

'-1 TOT ♦tLF.'O '. Tn* COS© - V|*C * o 
T _ r*VQ 


°R '**. * £5xfc 

J. 

*’^.Fx syv V. tt -R‘' Vs S'n© * v*y p 

SoRSTiToTinC. TOR 7*** ftJNS p.. 

^X s.nS * wy —v W© - \- cos © 

Cos© , t^siwB 

t-Cos l © * ^ w : COS© 

\.fe** *©.61 

OR COS' © + 0.©01o IOV COS© - \ » O 

S>oevin£» -. C.as% * C>. l<> A4 1© 

OR 6 * 4©.©* ◄ 

Cte'l FroKV RVlNE.. T^---^- 

Ci.ASoWR^.fels*- 

' o-w^iir 

oR i «s -V0S Ki - 


7c® .V^ T^Z.F,*0! T^COsS^TcitOSSO 

l^>O^N - VJt ' <0 

^So* (|) - , ( ^ or n.u'V'Kcos© l .cosVs^«\i\b 

vly '"vwCy or b^'zo.sbv’ 

L\^\ First note.. Oy = a„* s - 

r A inhere ^oIJtsn©, rns p« 

\ Then <?» 

d 0 VC> IN. 

\ or ? - _i—- i * -i -;— 

\ " tK N % l -INN ■ TNmSo" 

—^ \ = iv.AE.oe, in. v 

t ”vs\ -^-I-Fx* TrttCy-. 7jc^«4© l *"tsVN©,* N ^‘^ r 

L u’p J e ■*• ^ ^ 

* (.sin 2r>.E>a4% sin^o*^ 

OR ^ 
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T~*\ 

if 1 \ 

UiVtN 

L_ 'i e \ 

PtN4^'. 


- • - • 4 V 

comxtusnT 

RarUE. of vrvors of ^ 
So TVRCT VJ-OfLS A»C 

EC. fcoTH REMOlM TROF¬ 


IM U&Rt 


O p = 4 'TJRl'SS* AMS p* (.<W tVron Jo 
TlA6w p ~l<** ^vsO'^' io ' 


OR 


1.4 nr\ 


- = r»W BC>W\ 


r 

d 

i 

3o\ 


E \ 

i_ 

*5V^ 


-- P —1 


TVIW IDNSS* 


-*— \aVm5o * ' a VniS ; *V 'jj to 

’fLS-^ s O’- "^CM Ccy»3o »"\ c ^Cc»> Vb-VJt. 1 0 
cfi, li J1> ccf.3o-'\ % c.«.*cr=’N\ t .<^ UA 


Cxve. V: T^ —O 


6a. wo •*> T c 


Wei 


** * msSS' 


y^L Q a hSr 

^oeOT\-?sjT-.MC. into ELooV. oassft* SlK1 ^* * ' e ^*- p" 

* 0>*VSu8o wV3.&\ ta^ *SS* 


(A- > H ca rc 


>(£ 

4.3Z. s 


Novsl FoRKV ItOSVlH'^- ISinSoHtV- e 

VR%'cosZO - CWbE'O %'kJO = Wy^COWS-W^VRjO 

OR TcR SlNZ.'b** TTy^ C&VJo- »v\e^l*»vi 
.’. 0O MWL c*xo«.s r vj*«N Ttu, - QcfcVw., w^cw 
OCE. 0 RS TaJUEW To». * C>. 

•’• * 4.0u ^ **>b wire Ml w'ul ■&& 


TROT 


kP *S t 4 4/iu s, 


OVS 


Cks£ z- Teg. -*cv. E«.U.A ■*> TtA. 1 €5svs* 

•TReR _ . _ * 5 ^ 

So«bTrTNJT>VUi INfTO te&. tvS -. toe.bo'* VV,Vl 1 W s- p 

w, = 0 ■ fe\ < S 1 ') W 3.0° 

NJovj Form (. GOS^fiTK.^-(. sinSS")(.^-- 

\nVH^"cjob^lb* - "e^cosbo sio%*« Wt^cosSS-i^^VKSS. 
CR -1^ Vin 1S»° * TV^" CO\‘sST- 
.’. 0aL 0 RS WREN Tca, « CIcmVkX , WU*M 

CsCFoRS WREN Tev m ■ 

.*. * 2.T1 ^ i>m»S W<R£ "fee. vjiu. ?>E 

twt if 

.'. ^*>TU *4«VES> (>*£. T>VoT WHEN 

2.'n'^<.*5 t < 4 ’.a'^ ◄ 
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C.WEN - C\, -- OA feq ; CONSTANT 
filRV STANCE. OF VAIAjES OF SO TRACT 

NE'TRER OF TRE NORMAL FORCES 
F.T.cjE.e%f» VA tsi 
nil 

I 

l f; 

*7ir 

_I 

l sir 


First note- <X tJ .a r ,*‘^ 

VmIRERE. p T 0.2 YR 

_iscji T"t.'isv y 

N,' 

__ _ jl 

TR^CX^'- N ( car»V»o-*- U^CCh 20 * w b ^ l\b 

*fLP s 'Oi N, S.IN'oO * Fi t SlNlO - Vilj * o 

OR NjVinVjO V *4eSmj20 s TRb^ ^ 

Oae t- N' \s mrtimow, 

l£i tJ,*UN % ^ 

EiS>. C2-V- M^b»uV*«S v (4 t S\N20» CO.I ^yi&l 

or 0.062^ N 

to ^ W<Uf4 ’* ° X 

W\nA m ^- CU u:* O Oftl^bA COF to* w 

OR C^\ N , W ' \.\z\ ^ 

^Vl foRIVT (,SIN2l?')t''i- (COStO'H*-'^... ^ ^ 

N, COS Wo SlKlto - M, S ( *il*<OCi>Sto * TR^^SiR to-TVl^CJAto 

oR -N, stfj4o - w t> '^sin2o-<Rb«\«#>iC)* 

.'. CvS^MiR OC.CORS VJRRN NS, » (.NSi')m»» 


IAV 


A \A2.\ s 


C»oe. 2,'. N\^ \s maximum 

Let NS,.* U M ^ 

to (. 2*1 .. N, SiwWa + tu NSViNto -- IOA ta&WVtt 

OR Ni,. o. loie 2A M 

e ^W <W KS - 

ha. t\V. 


t^T 


0 . 2 . YVN 


OA tc, 


(O.icaB b4 tosioo v \A cos2c> 'i VS 


T£ 


« ^W’ UW ‘ 

NSorj forvt ^.^lMUo'>C^^- CcosiooS^-A-- 

N^COStoMMtO - NJ L Sl»^to U5S'oO-Wl c ^klN'*0-’(V^«»SU> 
OR N^COSAO » tV^^AlRloO-W^^COSloO 
.'. Wd’Smm, OCCoRS NMRE.N V^t*- tNS^wAA 

• » 1 S* 's 


Eor ns, 1 Ni r t \.\ NS 


SAZS \ i “SLi \.V.S'»'s 
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* 12.43 


P*'*’ '**•, ^Mk, Hi, 

VJ^», **a H* 

N^o&'®i£; 

oiT*^ 

Fikiv. &A*iee of vfcjjjei oe 


F'B.s-7 note.. 0**0* 4 p 
where p 4 3 %. 


0* l *^Ww * '*•*' * 

NoY4 foRM (. COS V^» Y L'Y ♦ ISivJ'?* YdY ... # 

Tc*‘Si*4 40C.0S' < 3»T c *CC>S* 0S.M\'C* ^ C.OS'S> 4 VJoS>N'S. 

O^ Tc* ^"^S'^ 4 41 VJc. SlOJ (SY 

-' • l kS c.’> MM . OCjCORS VJWEJH Tca. - (Tc*Y*i»x 

.'• UtW - % 

Ca.SE, (- '■ \ck \S M^'MW 

^KCAvjve CTcaY mm4 CCCOR.S VJHEM * CTcioYmw, 

LET Tc*=0 (NOTE THAT VJ.RE %C WILL NOT EE 7 AutY. 

Ea. UY.. Tca coslo - (\z ivY*o 

oa. Top. 51 X'S.VV^ W <■ 2.L 't>.. OK 
Note- Co o') holies, tsa«e VnJHEN Too.» CWW», 

* C^oYmi**- ~Trtt*4— , 

*»■ <-''>-- (n£V«m - l« W-44 'V>Y Vm4^ 


(<tfcY M , M - 'Y-OO 


0< - I eA( \ cfc < 2.V 'V WHEN 




_J ■^ : IC >i --tr> t Q < ’- "Co\SiKjAo'"\c^S\fcj\4>j ^ p OY 

" c ® *ftt^ 4 Or To*. c*»s4o-7 t fccos\^-\j0 t *e> tzY 

Note that to. 11Y in-ipues that 

UW when • L , T.* * C 'caYm** 

CV»Y vmoem 1 CTctYwMM . \c*> * C\e*Y •Aim 

Case. |: Tex \s mivx'wuki 
Let \cp. 7 2C* 

Eo. Ley .. ( 2L 'vY cos4o -to cos,^ - Cm 'vY * a 

OR. T c * * S.N'YVA W» 

.*• n«Y nosW Ei<, \v».. ok C^'w* 8 ,wi^i 
Eo> oY.. **“ j. 

W c > ’) Uc ^ = CV ^— (EV.s.kj4ot 6 \Q<.4 vu'C') \E> 


j^iV P»«sr Mcn '£ - o.»«if. s p 

^ 'f WHEWE 0*0.?* W 

0 = t 0 

~ -r • - • VI** , * 

ry *"Cr^ * W\fc’. 'i**Sim2o + '«[ VM*io * <^ ^ CM 

'/'-'as. To*cosio-T,*ts>sV>-VJ*0 U-Y 

NdTE TWKT Ei. ClY tW<S*UES TVAA.T 
LCLY W>K>i 't>t_ ‘ L 'bt Y m ^ v "^b*. L L 'w^Ykiki 
LEY 's v4 Evi ■- CweYm.m, 'bA. 1 C t^Yv^im 

Ca.se \S Mfc.n .1 wtOM 

Let To*. « n '\» 

Ed aY.. C'l 'EY cos j£> - cos^o - t.\.E 'tY* O 

OR. Toe = n OVo 'V» .. ON(VC6S»TA.«iE (lOW 
Movo v£t Toe * n 'E> 

Ed U.Y .. To* tcA 2.0 - C'T 'tYcasYo - L\-E \\>Y‘0 

ca To* • '10.^441 'Y» . . C>K (<■ n \W\ 

.’• L >o<kY M N.i 4 'U.^44'i 'V> CToeYsoo. T 'T \t 

C^Xto*^'- i"» WiVkl “' ns.NvJY't 


o**- ^t«.Y, 


• 'T.8S ? 


Now forkt <.cosSoX'Yt (.sn" io Y L2.Y - - 

To* s.biTo tc»sT>0 ^ Tb*^t>s2osNVi = ^ ^ 1 qo»YO+ VJ vulfc 

CA To* vtsjEo i ^ ^ eoo^o ♦ VJ s\n 30 (.^Y 

•’• oCcoRS wiatM To* - CTo*Ym*». 

A OV,** 4 \^.8S % 


^Ecxose CTokYm.w ctcoRS \uwEKi Tot 4 CToeVvn, 

UET Toe * O. 

E<a. C2.Y - To* ^cf» 2.0 - L' l 'V.Y » o 

or T»* • '.ZTiov \Y» <• n 'V.. OK 

Note- Ea. CVY \mv»e>ee twkt mmen To** LTo*Y m .m, 
nT * *T M(Ki . Tvaeu-- r* . . 

Eo. L'Y OJ^Uk ’ C' -t-ncv 'V»Y wzo* 

nT M i ^ * 2.42. s 

.'• ^ \oe - 'T '^* vjrem 

2.41% 4 ^S\T&E^ ■* 
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Gwet-V - R.°»>S VM\T>A *A.»»«as 
OE CJiJj/«,TO«£ p 

NS SOC*mm 
H jwv.t.a'i p for 

w» 

^ow, '© 

Os'* M for VMto»V>. 

- ^ YA\ 

‘Tk"^° V 


to »SiO SO 

"m*T Qo' p- l « o 


O’. Tfc*- ^YKosVb =0 


,, avw&tv- i 
"**'' ISl.Z^'jMl.oSW) 

or. M*VJ->i.oM 


iVsiiMC, 0^*0^ TWOS 


O’. \x ' VvlfttOSZO = O 
OR. 7a*»lWOte£<. 0 >e>\'^ 
t. cos 10 

OR. 1^-- SSI NJ < 


T^-w. x,y '*~u£ 

°* ~»K * (*oO k<i') BI < ^- 

.liiSf 

ISm 

OR T Vk *us c > M -4 


♦flLF^* ma^ 1 - N- VJusslo » ^ 

OR N * VJ l cos lO + ) 

“3^i 

SUOWJIV. f ->/j. w N o 

* .^VJU^-2-o* 

VlsxwZO - f ■* Ti^Cl-E t 
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12.47 continued 


12.48 continued 




.z.s %r 


c*. a t - 

Cb) Tt \-» F\*S» MEC£!JSMR.Y TO XsS-TtAwwME. »2^_. 

Poe. SE£_T\OM ?>C. .. 

ZQ *A . I 


- Vicos lo »o 
ca M«.-. Vl co-» 2o 

SUblWC* >"lit * >*«. M bc _ -» ^ Vicos Zo" 

VIvmZO - ^ a w- 

O*. 0^5 c^SihZO - ^CCOZO ") 

= (.V.l 'Vs l Xi»K)2<5- 0.1 COS ZO ) 

- 7.7B7Z ^/s 1 

Fob. iws omvPcamlt a«l€j_£hates t*>oTvoM have .. 

►■Su * ►Sg. v 1% \xac „ 

* Ub\>\.ZM.SB7Z. V)l4ot0 

oe. Ot * ib.bSZ. %. 

Novj.. io-ST (SFTts. C., a - lAotl 

irf^j ' 

” /n 

rt 

VJcoslo' -H' ^ 

c* H • VJl cos2o - ") 

Slusihc*'- F * /h,,_N L 

--^V/sUeosZo*- 

^il^swtt t : VJ«.<mZo-F* 

CO. cx*_ = <^C*nZc> -/^ cos to ) 

• • 

NoTf. iJISilMlo - Ji^cosZ* ) * Qet 

W- 0^0^7Z^*0.1 ^g-V 

oa. a t » 6 e$ ? 


foe. 0‘-%‘-'So* 

Win 


■^Ftswa^- Vlsi**% * 

CK. Ok^* C^VM^ 


Movo- a v »*Jcis aws ds'<j>d& 

Trtev» b - a*_* ^v*i% 

(\t IS*£ 0 I . p^J 

c*. 

o*. ijJ: - Zp<^(.\- CO'.VT) 

IvAEM CosZo - Z^O-CosVs^ 

= p<^l T>COsSO - O 
- l\.S v^U^.BI 2?) 

•» d.soocft Tv ')s l 

C*. = Z.<77 ^ 

VlrtEN . 

o*k VJ-^xvvtV‘fp’) 

I no.sVqXq&vSi 





yj 




I_,_I 1_j_I _ B^oW-v 

f N Fw\Ot( |Sw ' 

1 ~ In 

= iflrtt M 

.’.Tut race £xe*te£> cm the soaface «y the su^ck 
is 1.771 N» ◄ 


12.49 flnCvtl VkA i Co rt . / 


Giv£m- >v\‘ *=>A Vq; o^s constvJT 
^m\ * iwenaN, 

CVWV - M 

^?\ F^. C5.HV.ot')* 

1200 m \ 


12.48 


CO-) VJhem ^»7>o.. 

w L»* 


Ca'VEN i <y\- O.E»Vj; XT l-0 ( 

J* kT. , V 1 HEM a = 
Ni-AO 
P'Nb '. la) »S 0 

Cb") Fouce exektes om 
THE VoH^ACE %Y 

the evcck. vjhew 

•5i »5 0 


\A cos "to ' «v\ ^ 


^Qkr, t 


5 v>- * n C 


(C.OMTIMUE. 0 ') 


F\S.V\ note THAT the ?1U3t's APWvftEHT VJC<,HT \S 
E.Oor\V_ TO t>*£ NfEar^Ci^ ^o»C£. Tw*»cx 
OM T>\e. op -rue ^psvvieiQ.. 


n ^ 

I m<V- Mx-VI * ^ f 

^ =Z^bW.7.sA 

-l. 

twain *. tv\. 4 VJ » *VN p 

^ - ►C.ozoo^x ^ ^ 

- iq SAB.B ^ 

CCONTlMOEh') 
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12.49 continued 


Since. <X t * CoMSTAVlT. IA».Vt FROWV 1\ C.. 

^ ^ t 

OR \°> M'l.a » t*=. *•• -V Zat^TViMQOTiA^ 

or a t • - o.T'n So *£»• 

Then frot^i IX to -- 
►3a 1 > ^ ♦ 2-°^. 

_ _ _ yvA l __ T’V V,n 


12.51 


Gwen •■ Car TAAvtumc. at a constant spees 
tS~ cn a r.oas Rankes «rr aw amlvx 

F»ns : RaNCE OF VALvjtS OF *T so that THE 
' CAR Vies HOT S*>B-, tT.^C 


Aa *■. 


= 2.S iU\.-*> O.-m V>'s t X^*\la& 

- 22. -se.5, 

_.- 1 ^o* TAa n K k' iTy '7 i W V 


* N *' 

W % t"M 4 t oa Nr* 


Note: R. = F •. N 


~ aoowi 

loiA.'ia N— 


♦iU t * mO^-. VJ>tvuo^ 

OR LS 4 ^(.Ct.-eT BO-Rail's* 

c< la* ^a u.u^ Ml 

f.NAu-T.. (Fp.uj,'^* A h* * V - \(.'o'*^ai l *wai<,.i.'ii l 
-nzi=N 

OR. IFp.uA* N 


ry -£V n = TnOr,: RsiNLfe*40»wi r 1'1 

e 4 t^.O! Rcos.l.V'^'l-VJ. c> 

. o* Rcos^>-4s.1* w«i <-t1 

FcRminc* ^ .. ^ <w ‘fe** 


12.50 


&WEM : W* * O.S ft»\ 

^ 5 CONSTANT ; WHEN 

a ^ * '^o*, N^* o.a \Vs 

Ft mv , Range oc values 

OF so THKT 


FlRST MOTE THAT 6 * COMSTAMT ■=» i>5^= CONSTANT ’S 
OLt *■ O 

VJheh fe«lBo- 

VI li^wW imo*. 


R.cost$‘"M W! i 

ctS. kT Ml ^ * \ <y TAn(^T <$>s 1 

Case V- >S* >S M , M 

j Note - - R - F •* M 

"’HT 

_iU‘k -£lF n t wtcl,'. R.vnl.B-tKVC&1 

-4W% 4LE m --o; Rcos(.&-<kVVJ*o 

eft £cos(V<kV *ar U1 
Formimc. T*- , t*i ~ ^ tw 


eft 

.’. Fcft -me car not to gvss . 

\cy TANlSj-'fsl A^T»»llftH<W^ 

Given '• bs ^f? ^ r». 4o tt> • oio 

plMV . (. 0.1 &*S FOE MO SK'BbiNG WHEN %»lCt* 
0»1a>S FOR HO SKnEE'MC. VJHEH %s-a* 


♦1IF n » ma^: (Nr^c*^,^,- ♦ - VJ « m 

For ah arextrmot vacoe of ■ _i 

Oft 

bifutt. /\ «^F n * WiCin'' N»c< ♦ F\r ■*■ VJcosfe* tv\ y 


Vji^B 

Now.. AiS block % Loses contact ki\th the ca.vit\ 
NT k, t CF„^ t . 

Them .. (F«.1^. * \a|cos% «v - VJ 

or cosb « _ \ _ o, 6 ft> _ , . . 

VJ 1 O.SIV 1 ° ,te 

cr. &*■*«. I* 

,\ IS LOCK. "3, VS MOT IM CONTACT VM'TH THE FACE 

OF THt CAVITY Kt ENIts IK HJK 6 N 

-feVTS^ 4 SS.I* ◄ 


First nerrt.. ttan<^s= cOo (*As1 
cr 4> s = 2A?Piz‘ 

Also, REOolRiNC. -THAT THE SPEES OF THE CAR EE 
•bECftEASEb To AVOS SK'StxNCk. ITHRLlES THAT 
tN\t»i£NVMC» SoSSiNC. VS " OUTvJLAS." 

Lai %‘lcT 


-lUF n *THCW,. ftsinlV+sl-wv^ 

9 *tl.f^* O! Rcas(^+4s1* VJ *o 

^ or RccALfe^tKI» t<h^ (.1' 

Formihc. -fzs-• Rsm(&*^ YW *^r 

R.cosca*<KS ‘ t«4 

L CONTWIUESI 










12.53 and 12.54 continued 


XZ.t'it Gwtu. IV PRSStwifcR OP VJ 

FvKto'. (,Ou') VjO£vi t)>*0 

<£ FCA. P^xO 

VOI S^bTVTOTiNG. TRS. KJslbWVJ MM-VJE.S IWTO C'V. 

r s = VJ taS>o* - SlNb 1 

* VJ (, - \ 'JsiwU 

c*». R, - o. Vo M 

(W) Semvife, F s =-o im Eb. UV 

C> «• VO [ ^4tV TPsN< “ CC *<V*♦‘1 - ***>»lw+<tt] 

CR. TAM{.'o°+ , l>'> • V TK *' A '°” 


Vo +<t» = VU28 


ca <t>- \o.ze> 


\1.-?A Game** ’- = O.i VO 

PlNJS’. cf> 

SOEVTlTOTIN&, THE VCMOVWM VM-ORS INTO. £&. V.\"S-- 

C>.\ VJ» Vj\_ tivnu 

or, to.\-w*4lu-^ | t>')'\ 1 ' ’ ?f tknw.° c.a»(.io%<fc'v\ ! ‘ 

OR o.c>\ -vO.Z.'oNiV.b'N'M* swif'wr*'^ 

=■ C*c>&bZ.*8G\-W'Ur*4>Yl 

OR \.O&S V1&> Si Ki\ V ■*• O-t VKl(,I^V<&y o.o’ibtV8 - O 

SXXVING. FOR TAE vOSVTWE. R.03T-. 

siN\(.v,*-v<t>^ = cs.\e,io 8u<, 

or to* \o.~n* 

or, A.n* 


12.55 


NlT i5\ll ')$*+*+) 

« s== rf' \N WrtfeN kTsuSi- (.thr RivTRfe 

'9*4> t s^EEt,') F s -=0 (.FoR 4>»0> 

VJ SIN ^ ^ CCTbfe 

or qp ~ T g ^° for tre. &\veki coRve 


J_ - TRNt 


S^nrrovwc. for off in* Tue mskxe .. 

Fs-- VJ( ‘Jk TftooS CoSt.&«-<£) _ VM (. \1 


-^•SLty, ■> WAn '• M tCft»Ao » ty\ 


ss. virs>t vjo-rt. „ *s^ r 

mwv 

, s' Msin4o - VJ * O 

t °* N* 

N CosAo » wi 7^ 

I25L.. oos4o » VA 

^ik»ao r 


C " tEnAS 


(.S, tnnAo* 


= 0 Ale&xvx 


eft. C - 4lofi> «vn\ ‘ 


12.52 continued 


OR ^CTRK*lQ*<l>vV (.S fe\^XAO>w'(TRvi(,IC)'>-VV.'«l" 

OR tS - VS 6010'S^ 5 T\.^02. '“"/k 


I.b'i 6.-S* 


• *s « (^s-ivvaa.^ Is 

OR ^»S = LVn 


r*\<j 


W T\^ 8.W«K-lftO«wir CSV 

r"$T 4ES * <>•• Vi «*(<*>;,-190 - VJ * o 

OR R«#»(.4s,- * Wi^ V.A'V 

foRMlWCa .. g SlNll^N-VfeVl . IVl *$«• 

R. cos (,4s-'^'1 <«*<j 

OR kS*'x <^F TKnUJv Vbv')« 0.6V r 5iXAO'm'l TRvitVA e l D >l - 

OR ^ - VS.CA9Z ^ - -bA. ni ' a "7v l 
Tntv*.. ^ -- fX.-fS ^ WS- SA.m'i^'o 

OR Ci>3r-40S^y 


CaWEKV . Itb ! °,S Vo, , «= Ro 

(.CONS-rxNT^ 

Fifob: C \F r« coNistKNn 


Vhm£n* ' B'vT ; - 'oo’vl 

POR K coRVt OF 

(Rp,bioS p; »S- voo ^ 


U'^TiNije.vi') 
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12.57 continued 


|\VEH ' 0.1. Ot' SO ( C= O.le m 

ft.* * O.SO 1 8^- CONSTANT 
• 'MV . £aN 4£. OP VACORS OF kS 

VO that comjsft. sots 

NOT SUbE ON THE ROb 


Pxesrr note that »-S’» r £Wec~ (S.ftV.tt'C V -5 ^ 

Tmu Reoo.Bjv^i. ^*(.^mw \M\cv>«y» iw 

SUVNC* OF OSUAO. \S tvAtNfNN&. &.CSO, 

fx^x tan<£s 

Now C.QNSSEA. -tUt TWO tOSSHSUE. cases c#; 
tNTPS.NblNC MCSTviM- 


%^Ef % xTH0it\ N-V1vn** cce >* 
CR. N'VJtSlNA* 'ASt’O 

m,: P - VJ cosx« ^ sin* 
Oft. V * V\(ccfc*. - Tf VvUW.') 


tMPtNbtNfc McmON DOWNWARD 


vEP^tTA^: N- VjswV^wv^cusVs 

Oft. N- YoC^SNlO+'i COSVi) 

' -^P^-stFO^. F-V)cosTo=-w , |.'i\n'!o 

OR PrroOyo»Vs-^s.HVs> 


Now -. P»jju,N v v 

Taen.. yv^cos'io - ^ Sn'Vo') = p*,* t'T\(^siKtV>*- > !: cos Vs ^ 

OR jSy 

” pu,+ TAN VO 


Tnn<.^"*>0 


MOTtON 


OR. N s NfK. s 'N».’ y-COSK.) 
^ AEP^sTTOU,-. P+VlCOSR.t^'^'S'NA^ 

OR P -.VJ(<-tos». A Sj. VNOk') 

P* t v 

VJI.-ROSR* S\W* ^*,» Vl^NA* y^-OSsO 

L ' + MsTANA \ * TANRTAN^S 

TAN A- TAN^S 


INtt’EtfbWC, MCukON Of’WWtb 


vIF^WYlx N-VIvnVsj Wf 


- Coila 

VJ \\ ~ ^\ or M*w>(!\mm!o* 

V/*3o \^ y> ♦VlPLjiwa^: F •* Vicos lo.wk'i sin Vs 

oR P a rmt-<^COsViA , |i SvnVo) 

j.. f-»puM 

J \Vk(.-C^CCSSlo A kl[ SinSo) Wt^sinsj * *£: COSVS* ) 

* 

J tan Vs -Ms m 

. _ f. M \|. . v \ ♦ 0. ^ -TKV4 to 

* »•*' -^scT , ^ 

CR = 4<« ^ 

POR THE CoUJSA NOT TO SUbt .. 

2.-SU^^*54V c nr-^ 


TKNA-^i 


' TAN^OC-C^O 

Now- . Q ^ 

^ (.*$ *VsV- ° ^ , 

Then TANt.tAttJV) = O, A6>3> 

cjr. , <KtO 

ANb WHERE THE 'a-' CORRESPONDS TO \MVENbkWG. 
MOTION DOWNsJARb ANlb "THE ' - TO kVWEHb'NC* 
MCTbOM oPsa/ARV. 


<x - \S : VVwE. \Ei T 4^ »lS.Ta\* 

*> *• so thm 4s«kO.T%\ 
THEN (JXvW - TRW \o.ie>\° 

tfA'lrwva * O. MOTvON IV1PEX\D\nG KV4UV**b 

tk-.^’'. VUwt -i <K.« iV.Te,\° 

4s T- O ^ " ' ” VK» TUN 

Tarn (^^,*4 ' trn s'A. r\ 8 * 

(uCt-.., * ^ MOTION iMPeMbWi. OPWRRV 


a WEN '. VJt,* O.lo'b^ 

^ - lO^S UONSrftNT^ 
COV.VW5 ^ tots NOT 
SUbR ON THE RCb 
PiNV . CO.', C^,') M , M WHEN 


WNSN 


CCoNT'NvjtJs') 
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12.58 continued 


vj t * o.e>vv> ( Mv -o.is, 

^ 

F.Nlb •■ CO-’) F Aj 4 b IA THE HlOCK 

soses im ■me slot w 
-t-o \NHE>4 fe'&S 
C.W) F ANS Ip THE TiLOLK. 
SL'SEb i*4 THE SoST 
AT \_vO blHEM fc*AO 




s\*4Ao 

SiMAo') <AS AbOVE^ 


bU’bi*4E.'. r’)JL*,N * 0.1^ V. A. ASIA \Vsl 

* \. via \b 

KioT^G 1W F ans mos«t ee vo.tcc^ 

AS SHoWM (. |F THE'R VRECTOHS ARE REVERES, 
THEN £.F k VS N VJR'LE TWA* \S V> | WAVE, 

’. Twe bUPCK SOSES &3WNWA«S 1*4 "THE SUST AN*> 

F»\,Wi \\> A Ac? ◄ 


AjL-TERNATVE SO-OT'OHS 

COLI ASSOME THAT THE TiUOOL VS KX RESIT yjNTH 
RESPECT To THE. XVate. 

. IP -.mj: VJ* ^ H 


r- L I'-fe I «*,K i 

Then On * p C * pW>***V a "s ^ 

= ‘ q -f\'VSs.*V) */s l 

AiSSoNVfc THAT THE &LOOL Vi AT R^iTT VN'TW 
RESPECT -TO THE PLATE. 


: >t iMj’- N'Vkos^^'njp 
OR. N* VJt.-<jSSfe*- g^ SlH^^ 

YTiOu, : - F * Wsinb^Jiw & cos 6 
C* F - Vj(vN&+^ Cosbl 


IWOr, 


CM. vfc-vo » b.AiSd 
ANO <J> ' TVofliaA* 

NVaW-. tAN'K'/Vs )4*= CiSb 

So THAT 4»S * 

0<-4><- <^s •=■> Hlock toes not suse ans R \s 

b-RBCTEb AS SHOWN - 

NiV) — f ! K, Vm<£ AmS F. - “TTtTTTi. - . ,A\ 


(.a') Uisne &«&cT..then 

Ns 10.6 

«. U'iW) \b 

F « 10 .&»V>^VH& 0 * ♦ ^ jXtj s l 

• V.RZVovSV \\> 

Now — F Mk> * ■*■ O.VSQCc 

(=• E. ZLVOlo \b 

.'. The p,uoq< boss mot s 
AMS 


tovsS in6s)^L-S'n£q ) 

^ ( W S S'N&O * CfiS&<* 1 


^ IM THE SUCH 
F * \J-)ZL» 'S &o 


it.') Have b-4o „ then „ ^ 

N\ = CO.fe \sM- cosAo - ’ i svnAo ^ 'Svvj 4o 

* A-ASZA >b 

F = CO.El lb'll SinAo V •^-rXG%* < ^( > \VS»^'*4Co')^’vcosA 
« (o.SR&A lb 

Novj - F mn , *jJv*M vRon) vjhvch vt pollowis 

that F 

.*. ?>U3Ci< E VMUA. SL'SE 1*4 THE SV.OT 
A*4S « Q. n T Q.t| P\JI.TE 

' 0-r, + (Qs-t/puvTE^ ^ IRtJPVATc'),, 

At -L-o % the ftux-vc vs at res* revatwe to 
the TUATE, "vAoS, L&e./v»uaE\v » O AT -t*-C) , 
So THAT Q^/puat MOST Tit b>REC-TES 
TAKICENTi AULT TO TVHE S»Vv3T. 


Lb) Assome THAT THE •RUOC.VL VS AT REST Vj'TW 
RESPECT TO THE PLATE. 

# &*Ao 

T.F - tivhi VJ* mft.„ 

/ Prow part o (a&l«e'> i 

\rr\0.r/ l ~ TvLVLKi POULOV4S 

‘ nw u, x 

_ c «. q -iR.2. V Ns X 

TOJl *' So \ - elESf ’ ^ OVSw ^-,w ,- 

OR <f >-^O * S.TiZ* 

Aj4b +.s>b,TS.Z* 

Nov-l - VH.RS" so THAT <t> > 

.'. THE RUOOL WILL. SU'bE IM THE SECT 
A Mb THEM 4>- <&. U0HER1 i>.l% 

OR i>y = K.OiV.E* 


Coo NT'HOES') 
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12.58 continued 


Given (a^-O.TA 

TOJNfK. %> tet'NS TO 

sooe at A.*\o% 

P>Mb - , J|^ 


12.60 


To SE+EEM'nE IN VJHlCA bift.ECTvON THE EA.CCX. 

inu-o w»st, consumer the f«.<ee- 

tX&£.RAN\S FOR. THE TVJO T’OSVBLE CASES. 


SL'fXNC. 1>OVJNVJAft.S 


SUb'NE* OPVJftAS 


Novj- VJ* % « W\a.^ » ’<y\a 1 | WJcn 

F«OK1 THE fc.'(*G>ftAMS IT CAN «£ CONC V-VtaES THeT 
THIS EOOAT'QM Cl\N EE. SAT'SC'ES ONLY IF THE 

p>gco<. is si_ib'N&. soginwarv Tv^ew.. 

VTF* *«i\: VJ oo* Ao ♦ R cos<*^ = »r\ p* s in Ao 

Mow .. F ■» tt. v 

ihen.. VIcosAo* ^ S'kiAo 

F - VJ (.- Co* Ao v ") 

1 1.I1T IV. ( »t Sl(M SOWOTTlON^ 


i we auooc suses sons 


5 IN the. VlXSV *Nfc> 

F-v\r»> \\»Aao* - 


12.61 


Given : Tvraujel- unk. mechanism ABCb: 

^•-u'Vs 

Pins : (a"\ tynV)^ if componojyx are not 

TO SLlSE 

CG'l TOR WHICH SUbiNC. \S» 
IVlPeHEiNC* 


(OL'i Q^« CONSTANT HS ONlCOHMI-Y ACCcUE.RATION MOTION 

TlAEN- >S * (Sg'vO^t 

Act -L^s: &* (4"y*V**> 

w\ ^ 
Oft. iS ~ \X s. 

U') 

/T\ ^Tx^t ^ c .«.. T v * 1 _V. . *& v 

^Y 


f If \ / 1 \ S 014 

) — [ ffKJft j . . 'U . i 

V J V J - U.4*'© Nj 

^- ^ ^- ^ ^■V* YV * a *»' Pn* irf '’p 

* p nsUv .^^i^L_ 

= Z.casmo N 

Finally.. Ftoft ' ty*- _ 

* \iuAmo nT)\ U OA-ftwo Nt 
is*. P TOF1 1 2.0S»ic^ N 


Given : d -0.irE.xCi' J *0 

W\ * .U 

0l|_ - A- ■**■ • m* I. loUQ h.^ 
Fins : C<C> £ at 

(,b> F KT i - X* 

TVJPT 


|W = ^ N-VJ*-^*mn6 

E jtv 0(1 v ** 6< > 

Mow.. F mkx » >i. s N - /a».VJO- ^^'N^ 

KnS For the COMPONENT NOT TO SUbE 
Pnih*. t 

^ cos^ < HOd L\ - ^ 

(_ COWT IWIO&S^ 


FiRVT NOTE that <a%\ * CONSTA.NT IVTPAjES ONlECyAMlX 
ivxecerates motion. 

Kt t*\C>^: *Sk * (.D.iA V\ • 2.A * 


top view 


Then.. 


- x In the pcAnE of the 

__ to«ntaele.. 

r’QAj XF.^I 

_^<.4%v 

VI Then.. F'ty^Uo^tW*^ 

=Tr vUa*^^V : 

tII^-o. M-VJiO 

Oft. M*'WN % q 

Act "t - io * - . V »jj^M » yiAs.'iA^^ 


ivi, (LQ^Tpy- 

^ \ ^24 ] \ 


eft. * OiZ-Vo 
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' Ey - wa: VJ* ft. = iwa.„ 

THEN . _ 


12.62 continued 


12.62 

Qimem. 'PaRAulEs-umv. mechanvsm K?>Cb: 


(ju,* 0.^>S, ^l k *0.2^ 


FiNb: lo-N (iSaY,^ ic com Foment 1 »s mot 


to sub£ on member y>C. 


Cb") © FOR VNHIO* SUtxNCv NS 


IMfCNb'MG* 


30 In lOln 


tO tn 20 in. 


.'. MoST tjETERMWE THE yAuOES OF ^ WHCH 
MiAmMiRE THE (\iO£ EAf^RESSOH, TlIOS.. 

a I \ -vm 8(. B& - - Icos ^-cos©') 

^ ' ~ (, |- s«^ 

OK S«N&* «£p^ ^CH l/*s.W 

OR %*\0.‘iS\‘i AMb NlAVCft* 

(.O') VKOm AP.OVE, 

(MOo-vm * a/ 5 — W&- ^ 




cos^ 

- 1 —K -S>w8 
- TAN NO.^NS 


or i^U* o.»a-b4 

lW> WwE. V/IOTIOAJ 

TO THE. UE.FT FOR 6 sXCi.'V)* 

to the rtchc foss. ■ 


^5 (.CoS^-^^simV^ • -i,s% -^ccr».fe »0 
a#. TAM^ ■=• ji, k » O.SS 

c*. 8 - V9. 25*00* 

la') The ma»*aom value of Aj fc w then.- 

W^W * As c ^vj^ T ^ 

* S? ca^o^VfeNfe ■ °lf 

= C«.t %X \t. W) Vi NR.ERoo* 

OK l^ MU *£.98^ M 

(.Wi Fxrst mctte. tuft for c i6*<-8-'8o > ta, o') 


becomes t * «. ML. -2i- 

6 - r-> cos 

WHERE W.- Ifita -^. 3 t tu£m FCcuaiMS that the. 
E&toHb VALOE. OF © FOR. yjH»CM MOTION NS 
imPEnNne. w., 

^Ifto-N'V&Oo » \No£s.H0O 

.'. Have imTehnmC mcstncm 

TO -WE L£CT FOR. 

TO THE. RIGHT FOR ^ - lUOfT < 


: (R %*6l \Qo HAVE - 

£)_ ^7 From the nwsram.. 

-L ry~~ 'iTr^n^^ 0v« I0 o°-% CAS SSDVE') 

v O'' - ^s 

g\ VJ /vob too^ « VJ VN<f>s, 

” OR. i3^ V Qj> Sw% (AS Ntext') 


lOWNy/ 


For. IMPENO'NG MOT Hi Vi, 4>= ‘K • Rl-SO, as SHOWN 
AEiCVE, the VAcoES OF 6 FOR WHICH MOTION \S 
INlf’E.MblUG, MINIMISE THE VAuJE. «= MMb 

THoS THE V/ACoE OF On (,Oi\- Y F«^M THE 
AEOVE blA&RAM *T CAM EE CONCHAS*. THAT 
CXr, IS MlN\MO(v\ WHEN Mfcvv ANb % ARE. 

■peftPENTHCov-AR. Therefore .. 


M From the Diagram . 

© t <f> % ' TAM ' ^-s tAS AftONE.') 

ANb 'Or>O n = VJ ^»M<K 

OR. W)^. c W<^$.VN% 

OR. Jj (.AS AEOVE 1 ) 


I ^»LF^=Ma % : F » *S p %0:>5> ®v 

I - = \ ma n 

F |sj 8/s 

" a5k 

Now.. F M(lit » ^i s M ■ ^k v VJ(\- ^ s>H^S 

HNb FOR the COMPONENT mot T.-s SX-'bE •. 

0,1 E /UVJI*-^ VKife) 




"To ENSoR£ THAT TH'S imEOOALITY IS WNSFiE^I^Viw 
most ee Less tham or eooal to the mimvmom 
VAAoE OC ^(Jf/ lCcb8»|l s VM6^, WHICH OCCoRS 
WHEN SIM^ NS MAAIMOM. ThoS.. 

(.CsAiriMutb') 
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12.63 and 12.64 



Piftvt note THAT THE HoRHoNTIVE COMPONENT OF 
THE VELsA'TV OP AN ELJES-TRon is A constant 
tkXj^ PECARBULSS OP THE VALUE OF THE. 

Potential V. "Then . 

The time tp^-^ fur an electron to travel 
BETWEEN THE PUViE-S IS THEN-- 
4 - (.Pructr'i 

^ PLATE. ~ ^ 

ANb THE Time Tvji6en To TRAVEL. FW3M THE 
EnS CP THE PLATES To THE SCREEN \S.. 
a-ld't ’ -JoCWRCtNl 

°* PvJUEeu - 

NeVT CoNS.SE* THE VERTICAL MCRiON op An 
ELECTRON NS IT MOVES BETWEEN THE PLATES. 


1 T-i Vkt 


i VHO. = Wa S 

t *v 

OR CE, - ^3 


I HEN, FOR. THE ONiFoRyiLY ACCELERATES MOTtON 
IN THE til RECTI ON HAVE 

<Ts * 1 * 5 “l£ > * ^ M 1 m2? 10<Ct * i^ 1 

sfen . -u^n v 


At the en*s of the plates- 


, - S^L. 

vv3»r 0 


ZtvkJ'S'o 


U.va Pino: £> m terms op V, •s 0l a,w,d.4,l. 


First note that the velocity of an electron 
is constant after, it leaves the Plates. 



"Then, from the EnS of the plates to the 

SWSCri- ,,.t. ,_ 

Mi* WAt * 1^33*V 
. c Q.Vfi V I fcVt \( l-ll v 

M THE SCREEN’. b -- ^VwTj;)\ ) 

c. <Wl_ 

“ w\d <jJ- 

LCONTiNUQF) 


OR 



12.64 continued 

IT-SA I qiVEN : to L I-s'l„ 1(t * O.OS H 

FlNts'. IN TRR1AS OP 0., YA % O 0 , V 


to V 4 . HAVE 

V-.VI. > ■ AVi 1 ■ 

' '* iwid Oj- 


AMS ^-"i\ - Cl.OSd 

OR OASd T 

, Zr*4*o 

d . „V 
OR 51 1 ■ a - r x 
» O.H vm «S 0 *- 

I HE MINIMUM VALUE OF 

/d \ ( 

lTT 'MiN “ L Ty\ijJ 


IS THEN 


i?WTir^ 


From the solution to Problem \E.US have 

o.m 

widiS^ 

Then, Since £> is onolknges, have 

<C\ ,e\ . oVl'C .VIL 

OR , A*=- 

O.Eei d 

OR ^ 


Uey . <J**.S 0 L= constnaV, 

^ W * £ T 
E’*o.EL > d , «o.e,d ) 

&,V, AHS -S„ 

ONCRaNCES 


Wave ..Ei (.O.ZS* O.iS sin t\V) wa 
~hkn f , lo.iE-ncosi\t^ 
isms r « - Co.is^sn-pI^ 


feO HA' 

X* „ RAk 

4) *©v\ “s> 


\ Z.iplo Fins: ia"> anS F 6 at \ = O 

LW'i f r AW<i ^ AT -i*-0.<>s 


CcjontihueSN 


La') fLr 1- o: r =.0 .EStv\ 

r » o.)Sn's 
r = 0 


4*-8fv ^ 
^ - en ^ 









12.66 and 12.67 continued 

Noy,.. Or* c-rtf* 

ans Ol*' r&vzffc ’ w.i^wU&" \*z(,oaStv ?X-W 

* ■nl > ^-^4^^') ! $- 

PiNAU-T - F r * rr^r » ^ 

Oft $ r » -'it.s. N 

^ -mjk^ = 

OR. * -1>.46> N 

Os) An ^o.<.v. r^O-AOm 

f--0 Q.-A-n^ 

r »-0.\‘i>T\ t ^ 6 « &t\ 

Now.. Or * r-rtf ^ 

i e r -r-»t ™ 

- -(o.SSTI “^t 

txwb a % * cfe + Zrfc * (.O.AOn'X'fiT' o -VZ&TX < ^ L 

FiNALLT-- F r ~ ■‘(.li.Zb^'K-t.SS'Tv’' 

OR. F r -- \Z.Bb hi 

F e = ^6 * to t teOlvzo'n ^0 

oft f^, * 2.0\ K1 


V2.L.1 P\NV - F r AnTs AT i»\.Ss 

Act "tM-S y. r - O .VO -or 

f^O % = 4T\ ^ 

c * o.xs-n 1 *§<- S * fc'H 
Now- Or* f-T-tf . lO.\S>tf I.C..VOWX4V tf 

ANb 0^, ■= r 6 *■ 2 c * 1 . 0 . VO ws'X.&fv ^ )»0 > Cv&tv s’- 

PWu.T -. P r - xv^r * I.O.Z V. 4S TV 1 ^ 

Cft. ^ 

* io,z V^Hcs.fen t s>') 

OR. ^ • O.SOi M ^ 


12.68 continued 


12.68 



r* iTiT, %--^Vwtvi 
r - tt 1- s 4 - RAb 

if « 

Finiv . (.a-') F P ans F e kt -t*'* 
LV»^F r anS F & « -t«ioS 


Have . r* tt 

Irtt*.. r»-(^i's 

“* f ’T&P% 


. c|; siw<\A.'i RAb 
-.(zoovrsl'i ^s 5 

•• .\ AAb 

^ t -U^VNCO) -$. 


<.fc>) An r« \ it 

«A* 

r*-o.t=t B*2“ 

r « O.Oi V B * 0 sv 

Now .. Of * r - t-e> r =. V.O.OZ ^ - <■' Wtt ’ S s > ') 1 - - VAB V 
Avis o^' l< '6*-Zt-6* o -» 20 o.v^Xa s ^ 1 • 0. A 

VwJAU.V- F r * wy0*. ' 'S..-L^^ s' 

OR. F p ‘- - 0U\B Vt " 
F* * w % o* * A, v £t ifc> (,-O.A ' i sA 

C>^. * -0.0^>2.\ " 


12.69 t c*co‘*vrmji ) 

* r -V; at t»o, r.r^ 

| tiKib '. laA T in Tt4>AS » 

‘^#7 ' wsS^ 

exe.a.T£b cm x?> 
BV ARM <VA»‘ 


Kinematics 

Have • A 

^ c. r a •. s, r ^c. \ a -Wat 

eft r*r„-v.i 

A\.to.. r »o 5 * ct 

§ • c. 

Now- Or' = 0> - (.c a - =• - C l ( r o- Ki'Vi 1- 

Atjb a^'rfevzf & »ir 0 -v.^.yc1* 

. cCr„- 3VO 

KiNenCS 

C> y^_ ion siF r * Tna r -. -T s VttCI 

rC\ rC\,w4r c*A T«’nr\c( l r 0 -Kt')t 1 

\y -mc^ ovular,. 

T eft. Q»Tvnctr e - iVV. 'j 


\ <^WEN’ 6 = 0.TSt 

1 

^^Nb: t WREN T.O, 

WHERE O \S THE 
fOfttE CN fiCM AK 


ta') Act 1« \ S'. C = 1 1\ 

r.-o ^.-2^ 

r'Cl.lU^i B e O 

Now.. CXr » r - rtf- - (.0.\u^t 1 - U X-1 H*Y 
*0.84 ^ vv 

ANb 4®-- r*lr^ • O»2t-O.A ^X‘2 s Vl-Vo V 

PiNAUY.. FriWyCW: szXtys 1 ^.-1 8A Ct) 

oft f r = -\.znvt, • 

F 6 ‘ ’Wr 5 t' 

ca f^^O-ZAB It- 
l, COMTVwoE.b') 


KinEmatvcs 

Have * «F ’ r l ^'^ , ^ ^ 

An t*o, r*o‘- i o ar * 5 o o.sdt 
oft r»(.O.St)wv 

fteso.. r = o &»<.0.is\.’i ^ 

A! ^ 

% -• CMS TJV 

Now- a r * r-rtf - 0-(ystlMlUo-'»sU' ! ^ 1 
* -(.o.zBastf 'i “v 

ANb cu * r6 «Uo.^tWUo'is 

*2C0.s^HonsO^l 

* U.nsl) 


(.eokfowoEb^ 
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12.70 continued 


12.71 continued 


F r * C» cos© 

£>*-(. vno-nsn'fc set©") 

OB. Ck * N')r»,vi'% sst'fe 


>IF r -YWJ lt'. -1» IS WjX-O. U&liSt.' ) *1 

jja*’ Oft. T.(p.fcAyisO)N 

Qht.^U.vZ'SU's* 

)> O^Cvvvst) tsi 


, VJ^-O.'S.VV, 
VI HEM OxO 


Qvvjt»J-. n^:0.> Vfl' 

B = et=a^ 

£jm*>: Co.') P P Mks om 

?1*4 % 

LW P a,ms O t 
VMftEftt ? IS 
tSOE TO OC 
BWS Gl \S but 

To t>E 


F 1R.VT note 
bmS ^ 
THEM $ 


wh£m r*o 

«£» 


FR0*\ TUt bHAVJlMt. OF TvVE SYSTEM rt/WE-. 
C = cSb© ^ 

TvAEm f *(p-2. & ')'s & * ~ 

A*lS © « O 

•j . COS©(.COS l ©VSiM©t.-'l.COS©SlM©') 1 L 

r.o.i --* 

>»W© 


'HEM 


Vk wi?Ht *v>) 
tvj»et' “u^vmSvs^ 


&VEN> : '2. S ; Vi* 5 &.C& C*; 

WHEA CxO^ 

NT i»0 > f ,0, T. \S IN. 

P'MV (.o.'i c tews ^ (W i-W£ 

V.- Z. 2.S % 

I M r Moi F K w^o.|y 
k .VZ 5 .'Vs,\ 

vmttt F k \S s«e 
AoRVfcMTBJL FOBCE 
EaEBCTESs OH tut 
SOSES. «* THE S\iK- 


Nw*J- Or-r-rb * UB.&-^^-)- 

BMS CX* * r© *2>© i CbiiU•^■^^'>0^ 

1 C^ Ao ^ 

Kimetucs 

ta 1 ) Ub,ve - P,-* - tO.Wc^feT.Vo 

ob. F r - (VUo nW& sti.6 

A*oh Ffe 1 *^0^ * F0.\ bf^U^IV ^s»i 

OR Fg, * (VIV NpISM©SB.© 

lb") 


V4UEA 


♦IT-F^. p£ cos© +F r s\m© * V cos© 

P» S.TS TAM© SEC©-*-( , 3TIoTAN T ©SEC©^T**1© 
OR P.(.S.%U>t**»©%k'& M© 
(.CoATiAOtM 


coa r 
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12.73 continued 


Soe,*.T\^orivic tor. g."j£m vm_\jrx mfo Ea o\ .. 

f, t •« 

\V ** 

cA . C * O 

'TAEn.. 3r tf’-O a»j*> AT f.O: 

;. fdf . fVo'idt 

o . 3 

oR r - o 

amis _. jr * f- ■* o *ot> <st \«-*, r a * \.ts Li 
• \ r dc * \ U>>d\. 
or r« c 0 

:. cm.i.ss.y 

Note.', ft O \v\Voes takt tar sunse*. remaps 
PCT NTS (Ki'TliVN. vRAXiAR. TOVEnOVA. 

VJitna fiO, ta, C.V^ wn^n-'S-s 

Vy^ ' O 

Lb') ’a.-i.ts "=*/«. 

ioasimOT'Mt. TA6. G\VO-i VA.V-NJEX IVATvi Eli .. 

f ^ .o 

\C "» 

or f -v io4r « o 

Vviow -- f . ^Lt- 1 f«^r ^ ^ s 

.. _ Adc 

\vNEM c » > 5 r 5 f 

so trm fSr ^•A^r.o 

Kt t>-c> ( O, r«r a * - lo^rdc 

C>R ►S^' a - G»A L ^ - C» ''l 
, r c*A >Sr -a ft \ rj- -r 1 - 
IvSovj .. r3 r * 3L - S> ^c 0 l -c v 
*» t*o, r.r a : £ -j=F= * C adt * ^ 

Ltrr r-- r 0 x»n 4» dr * c„ cc*»£ c^4» 

~y4c.k) c v **~ c B cos«£<dd —. 

C -t r^ - r a l s>m 1 <£ 

OB - d* « at 

o*. ■ B1 

oft. r t r a s»N(.&i + x')=^cjas%\_r0.i , i^ois6t 
"ivNtvj f »-ivo 

F'UANXT.. AT l 1 - O.VS; 

c* U ^ LiA cos cfe* o.\} 

a , . o«. rto.-aniw: M 

Eli 1 UiZ > 0^’ * i * \- o.N^L'iT 

c*. Ek'-Z.LD Vt» 


12.74 



Gw£M ’. CtNTTRM. RoatE P kM ^ 
S£V\tOftto<_s<8. ?»>rw 
SAoaiVJ^ A.T t-o, 

V. %-0. £- & 

Vwwi ,J* 


VWe- £. f § r *r6e e 

so that ts l - r* - * r l 6 l Cn - ) 

f Aotvy THE txAGftAKN.. c* r, CJOS% 

"Tnae> 4 r» -Lr,sio^6 

V)VaTlTVJTl*A. IViTO Evi CVS .. 

>y l » L-r 0 ^s. M aS t '* i^Gasbf ef 

= r 0 l (.sivfb v ccfs e»S 

c*. ^=^6 (.2.^ 

(Vi l«o : 

Fro*.\ Ea. LM.nN: 

, _ _ a ^» | V 

OB. 4 s a - '. A * —Ta.^t— » _J?2- 

rV tToCBsV.') 1 r.css^ 

S>o6STVTOTii 0G. coa 4 l*J Ea. W-').. 

r o (n r 0 d^ r 6'') 

c*. >5» & C^.E.^. 


12.75 



Given - C£NT«A*_ Roast E JVOS 
SEMNOWSJUNS. WiW 
SrtoWM 1 , KV V*O t 
^‘O, <J*^o , E'E. 

’ Cvos - . <.o>> wwen E>*0 
Cb'i F t vjwtn E*AS>* 


Fboki T«e bAGRAM.. Ea T 0 Cos% 

Taeja f i- tr, 0 s>N , &'\4 
(SJoai- ^'f§r^^a§B 

So TiVAT AT .. ^ 3 *F 9 ^ a 

From 6a. 04.nV c l 6-r a E 0 

» Po^O 

yv, o » r ±zz ». Jo^a_, . sSo ' L 

® * tr 0 cos%y r m 

From TkoacEM '2.1A ■• G 1 

dor ri , OU v . ICObbSlufe 

MoHi.. Q^. - at * * (lOfci) ' ^ 

_ _ SiH^ / O, 1 \ 

' 2 -* s « oas 4 fe ’ \ <^»s i 6 ' 

, Nm« 

* Z T. S3®6 

Finanjlt .. 11 * ' IV ' 04 _ « Zw 

LoO) Waem ^»0 v .F t «0 

(.Wl VsIwem E-AS,* . 

cr f t ■ 9 >t<n ^ 

(.CjOnTi >4o£IS^ 


91 








12.75 continued 


12.77 continued 


PvUEa-KUVT 


c* a t + Jn -- O.,. 


_.V* FiRW NOTE THAT TRAKKXUt 

CsfeC \*» AN TSOSCEUE.S 

/ /^/c\ \ TRjANRLE. 

/ ••• 

COaTRIH- FORCE. 

C MOTION CX^ »O 

•’• & * £r *-Q?» 

Nova.. (X ■« Q^v a n or a t + a. 0 * a^. 

From THE AoicNE T>iM»RAv\ .. 

a t -a„TAoa% r 

\MWER£ Or,* ^ f* £ 

Ala's FROM fkoftUEMi 11-7A- 

cos’fe t 

Tvatra ( kS /oos , ’ 8 n I sin^ vaS 

^ -*-- Z ^ 

p r *S& S*M % . 

Finally.. F t »Yr\Ok^= Z.TYT ^ T ViK IKS A*ovE^ 


Nova.. k3 t -''+*S'$ 


=U.7=^^t*S^»V- 

^ *' -fee 

fe.CAUj.aC. THAT r* 


WHERE 


vr fov.lc.vos tow 


r » (Si- * .S, 


►5* 


or tfotr ClE.V 


KKi<s r i 


n _ C* S /cos'’ 6'l s.n% Sim 8 

^ -*-‘co^ 


12.76 and 12.77 



CtwEisi : Central force F am^ 
Wth hwww ; 

C* V^toslft ; AT to, 
ft- ©, if* i^, . r» r B 


Vr—1 / 


r ' 

Them f t % t-itcosMfilH-ZsMalVte 

_ SIM 1ft C 

' • ms^iB 6 
Non.. «£* fg,. ♦ eft e® 

So THAT AT t = o.. 

From £a. OMTV r 1 ^-- 


CR 


ri - r .^o 

-7—^—v£ ’ I 5 toslft 

r * 


^t.~Vo FinV . AN>> AS FONC.T\ONf» OF 

Have.. ^r*r. r.^^.^cxyZ^ 


OR (&„ 


^»r6« - , - iL — »‘f? cosift 
0 <covl» r « 


^coslti 


OR f%’ ‘S’a^taslft 


M.T1 Show : la.1 ^oir AWb f*r 
IW) fccr* 

*a.') From the solution to ’cVoalej-v 'l."Ho have 
.v . .c* Sin 1ft _ _-. -- — 


*w. 


FcSsiS 


*s;^tovift 


CoMRuaxatx - r » =- r 5»*a ift 
'o 

T'heki - r -^^ ^f si*alft') « Sitalft ji 

NCiTlHt. THAT r^' v3^ have.. 

r . ^U* 3 - U«.C5Srtww*l} 

_ kS^ - \-» co^lft 




Nova.. (Xp « r - r 'b 1 


ft * ^ tOSlft (T«C*A Nfcc*E') 


- Cwcosift^- r^tovlftf 

'B ° 


F>mAU.T- F * F r v ? 6 AWtS FOR tSjaTRKL FORCE 

MOT>o»a, F^-O. Theh- 
F t F r -. tHCLp = tv\ r 

or Fox r Gi.E.V 

C.V* - ) Fvrst note.. CvRsn a") 

'o 

Art* a % »o XCEH'WR Force mcsthsm.^ 

Noh»- . £k-^E ' 

= '^l^rsvHift'i (.from tVst a") 

'« 

- *|Rrs>taE^ 

'o O t 

Have .. O' I. CX^-x ai -- Qr *■ ^6 CXr - l«V« Ol 

So THW O-o - C 


-- 

T, 


■doslfe 


OR O^r 


F.hauy- ttn' ^ U«SM ^Vkt a.') 

- • 
cR p»^- v r^ 

' ° or pmr' G».E.ft. ^ 


^COHTtMOE^ 
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12.78 


€>-,n)C»a . A planet op raS'OS ft. ams cf 
t»eusm< p 'j mocm vaavinc. 
opavtal ftAHioS C-i 2.R. 

Ss2»j; 1L® UV"lG>fV k 


V\wt.. F * G ^f? t&*. oi.ieri 

A,MM F » F n * WOifl » w» ^ *m 

Iuem C,^*4 /<T>r 

os. .y 1 -. ^ V 

Fcft the f\>wn.. M - pV , . 'v —^ 

Them O 1 -- ^C ? *T'* v ) = \ tl<^> £ 

I WE T'MfE. X. FOft THE MOOi TO COMPLETE 

CjME FUEL REVOLLTCiON \s» 

T- ® ^ - zrcc ( ^T\Gp F 'i i 

- (iiV 1 

F~~»- -L-CgC^ 


^2.7Q Q,w£M - K PLANET OF BaVOS ft. HAVING KM 
AC.CEUE.AATOM OP GAAViTV ^ w >T S 
SoftFAtE ; T., THE oREiTAL PERVSfc 
OF A MOW 

Svlo\m ~ r-- K ft, <^, / L'>, inhere r \s -the 

Oft&'TAL. CAAS'OS OP THE MCO*J 

FinS •■ foa Softer-, ft -'ll Ew ( 
"^toRofffc * V ‘ b * i TS i 
r 6oBoPK ’ UIO.9**© b.W\ 


Wave.. F » G.*^ lEa. 

AM* F. F n « VAO^. wsf A" 

*“ ^ sf 

■ V V xy 

Movo GM«€^R. 1 ^ Fft.OZ.Io'i ' ^ 

So tyUct c- L t -1*L- o* ,$-, R (IT 

TL-^® -& 


12.80 

GwEn • VaTEY-UTE m A GEoMtNCARoNOOS 
EARTH ORE\T \ X.- ESTliA V, 

FvOS ■. LO-T AETOOME Vi OF TAE ■SAT'EU.'TE 
t-V,\ VELCOTY >S OP tae SATEUATE 


First note.. tL* ZV,®A V »&o.\L,t 4 xva s m 

SK.S R.6AATU 1 Muo wi * ZO.^Obb'nS' Ft S 

^ CA3CV* * ie y\KIO* WV 

(.o-F From the. soloticsn to ^»oE\jem f S \ 
an, have ^ 

r - s 4TI® 1 

Mow b * r - ft 

Then— VI: ■ r q.e>' y •(bsaazAvio sV U. yi-> 

'I ,T\ V * 

- U STuvo" w\ 

> (.4Z IFS-U ^lV'O* WN 

Oft. V> I'bS.TfVio tws 

a*5 ounv. v f ^ te^.\\o2.4 MO vVr W l l fc 

h '-l w' --1 

- it 

■* (. \va. 1,34V to,ftoe>^,')»<o v ' tt 

OR WiZZ.ZAO Wv\ 

tb') fWje .. 

-r._ . .-T . ^ 4Zn4S<vo U w 

,H6M " S 

Oft. »S * “iO ">0 s 

Ob. OMvTSt ,r- Ag> S14S»ni’it 

UoZA'M'i S 

oft io t cfio^ 


■ G»V6N - Wv * «&i^O m.. T M<k>4 -- Ztxt CAVS 

r'NM MASS M OP the EARTM 


Foo. one oRaa.. r C- 

v'ls 

OR. \ A T\* < O. E.t). 

r' 4 

VoUVtMt FOR <^.. 4TV*~ T ^ -g E 

A,mS MOTinCx TAAT 'E'i.SEi toASS « lOL. SOU S ( 
TAEM r ' 

^AoF\-t*«. * At\ -^te p 

4o» R AoF ^ 3 

^ x (.(.TO., MO* _ 

tnot &ou 

oft q 


VW/e .. F 5 G ~Fi m 

AJOb F - F n : wsa„ ’ YV\ f 

uem r^r 

on. K\ ® § l Ky 

Momj .. oT» “e" 

sotvaat 

Ncn iMG THAT "u 1 znsz MATS =. Z.®>CoO4.'i0° S 

an>, r » w\x » l. tt.144- * \o* tt 

HA\ie-. » / ZTV _ft 4,..3 

^ ‘ 34.4Mi3 5, Fi ^ Z..VoCA" 0 L S^ ttlW AA«i6 


eft SA® AOkno 1 ' 


^iOTE - . SioFITER. ' X 2.4,1 Semcih 
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12.82 


ClVEtJ: ^UTVOOlse V- 1 » Ifto Virrv CjC 'bPivttCftACT 

IN Cftftnr AV>JT MiVftS^ p^, lWS : VSA ^/m* 
*mmk -- ^ Vm 

PlhjS'. (.Ol'i 1IME 'L OF ON?. CAftlT 

(.S') vs.coc»tx *5" op tvm£ spacecraft 


12.84 


(.a") FftOM THE. VOWTlON -Vo M \ 

FVo«!>L<=XV HAVE _A S 

Cff 

WHERE r-.^Vi--m^.3tollwn V S 

=• vm km 

7rtCj *" T,f_ W___fl vniV! 

L l iuTiW^^Jo^o^yi l 

» "lo\A.b •s 

OR r L~ V V> VI min 

OO Oave _ x. ZTVt L 

T. i 

rt\ (.vm-i-vo wQ 

loftX *» w 

eft. >r ■* s 




T.TH W ■?»- 


12.83 


Wave .. 

_. .. Mw\ f 

F>Gtt [tii.lvz.E^ 

ANb> 

F -- F n « WTOr, * TVT 4; 

Then 


or. 

GM *ruS 1- 

E*. CR-X^’): 

<\Nb 

THEM ^ft 1 * riS 1 


oe. O'* »wb 

* nS 4r-Tv, to 

Movj— •* ^~yjl ^OSlNC» Eft-tOl 

^ £\T 

Oft R«\ - lV> 


(O GstwG. 6ftv CO ivnS lV*.. 

^ ^ Vi 
^“VlCtOCUl * 

^ Y’-'X ^ 

MotikJO. "WW Tk* C>.l*OV c ) bAXS* SlOOFtNO s 
r, T ZT\ l IW TO* wO* 1 * T* _. i 

l-VAWE -• R - L (74 4AxiC? T> \f vlooaTmosS* ^^ 3C "'o Wv 


*‘L IW.vW*^^OM2«oM‘ ^ 

- leO. Vr^MO* tv\ 

oft ^.-(oO.'i'MO Vtm 
IWV Pftom aeove.. G>M « csj 1 
"Them- §V v « 

- .^V-^* 10 .hcO.nV*-'© •' '\AvsO»io)'m 

oft M» vioho*^ M 


£wac . Po«, tar moons iouer wi Ttmpa cp 
OftANO., Xj * O- *T 1 \ tAVN , 

X T * a. ~iog wws - r »Ao, oco vas 
FmV CO MAV» M OF OaanoS 

OO c T 


Have.. F.GT? 


t6»-oz.ia>l 


ane F = F„ * rwv*■rn *f= / 

w g.w*»*v£ ^Ta 

ob. M« I'J 4- 

rrj£ V_/ 

sotum CO 

Mc*m- * o. K°>T>\ tAxs = s 

- Ao ( Cxao v*\‘> * Z.H.Z.’-'O* 

Co-V Osikjo. £.>3. CO — 

M-iHW-ssrolTaRit*^ 

'^•s' t4\s»r ^ 

oft W\ »*S,9»o»vo 

Cbl RtWftiTiMC, Eo CO - 

^ Aoos TftCM !x » S 

A-v\ x X. 1 *' ti 


Gwen- ALTi-robt b., * 3AC» V.m of wv^u-ie 

in oftftiT Aftocrv Svroftu-, ij“ s - ZA ,4s^; 

Fcoft moon Atlv>, r* in.CA»\c? terft, 

'Catias 1 bAXS 

FiNb; (a") ftAb'Ob ft of 5 >atorn 

CWV mi\ss M cp Satorm 


iATCLUTE. 

A 


AT\T- X r^T. r^v. 

or vi«sar.i^ 4 


12.85 


Oft * z.-y\.i»\o wi 


Given - Spacecra.pt of voemavt VI-- \icx>\V»c 
Vi t = iftCCS nii ^ w WM> ; o.oii'iow ewWi 

R.M&3N * \C>60 Wl 

F inv . co-V Gravita-vonav. FoatE V e*» tvte 
tf»l\tEC»APT EKRTTA CfiSKT 

Oo'V r M, 'k-tx 

^*•1 'Av'OOKI 


,4 

FvftsT nc#te t>vat fte - S9 go m )CVr* 

Then iCv*Wo4zaco')T«vi 

• GXGO VA\ «L 

Cav Have- F *-G ^-^rl EoM.zSV /^XT "N 
nos GM=^ 1 Ea.ttt.za'V vJVf 

‘Vicit \^_y 

Foft -Tftt EAftTft Oftftn.. F* C^ooW ^-^^—) 

eft. F - A VC lb 

tb'V Front twe soujtion to Tfto«iv.CNi \Z.6>\ have 

rvrr^ 1 *- 

Then T» TTvT 


•sAi.ow.1 T 1 

UlUCl wv\ ' 


«kor>v 


Gi'- T 

m 

\GM 


•LWCr^- 


c-*'- 

ettOa 


n^.. •tft-'u •*» xm^.' oS 

OR r M ' V Ml ) r t XO.OinoV (.blto «") 

OR «. \ -£>CC) V41 

1.0 Aa-ve- Fir.Ive^ 

SoasrriToTiNC. into Ga. C'N 

Rt Rnv CSni 

(.CcMTiMutO 
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12.85 continued 


OSVUC. TRE. RSSoUS or VV.R-T CV»Y 'TvWivi.. 

‘W ' C fo^ \ 

OR ‘iwooN * ^ 

* *i*AOOf4 * lo^RARTVA 

12.86 Q, w eisi Cir.cov.aR crcatv Jkwb ecurtsc. 

transfer o«an t\% VMOWJM. 


£vJ*- 4e\o ft /s 

Fins', la'v (**&}-„, 

Cb') (X »r* 




FiRVt IMOTE.. ft « 'J'XoO WV, - ZO.^Odfe-AO Si 

r h - (."^VoO-* \ft,^»')»Ai * 4US m\ -l\ B6'S><o".o ft 
<■„ - C54I.O + 12 !AoW> » HolOO VM * \\Q, 3Y.no VI 

J> t ' ^ 

Fcft. ft. CiRCOUVft ORMT.. IFn-VAO^i F=tVv*i 

Fa. c\t.2BV f’-Gs’^ 

”Ta£m G, * Vv\ 

OR 4 l . Qp 

ta. GM * ^ 


So THAT 


»y x « l 5 L 


T«6M- l*5»W. -- 


«. “ ^ For. <\ OR.COIAR OWSTT 

v..i Ws 1 «uo.qc.e,e.j"o tv 
2\.e>ssu*>o'‘ vt 


°R (■•VW *■ l^V.1 s 

A^b ,.r \' L . M.-lH*'-* {ZO.°IOS&^& Vtf 

lV,ft 'C.»«C_ “ . -, .n „ . . C7I 


*■ ttB'VSUutr ft. 

0(1 t^W - »*. 066 ^ 

Coo Have .. . t>V) T * * 

131 (A'Wn * S'O.OBS- A&io^ = SOS s 

Oft 

Cb - ) CoHSEAVATvON cff AHGOI.AR VioWEMTo^ REJio'IUES 

tvw r^wt^ -- ^wvSaS,.^ 

’ ^ (.COUTlHOes'j 


CaVVJEM' . C'RCoOOC OHS.TS 

TAE. WICOK4 MsiS E1UW. 
TtUkVlSRER Oftl*,‘T A& AS 
SOOnN', ib.S ® •, 

T»WoN * M 

Fins •■ C0CV 

C^d') &*£% 


roR. #\ oacovAR oflfcrr .. IF n 5wa n : F = yw 

Ea.CM.iSV F*Q.^ 

"1re»».. G» * *v> 

Oft AT 1 * -^- t 

' .VL w\ ^ 

—. toG.Ti>.'0 Sv?-»TY4ftn© bjj 

Then„ W>W' -- 

OR C«S*\ vW _ i \4 c TS.>^'s 

, .- \ t CoG.lSv•• TJ.Aft»u»-' V* 

ftNS C^\ 1WL « --- 

OR S’JsV.siu * 's 

C^ kU>J6 - C'S'.V,. = l*s;v.«: ♦ * (.UR\.CJ-1S.S') 

r \Auun ^ 

CaubSRvaTT.ow OE ivkjGo\_AR MOMEN~on\ R&j»o<ft£S 
T«M 'y ^ ^ 

°°- ( ^V -- -I~fe* '^••■» * • «*'•'* 

OR - \SS\ 

tb>V Csk»N- - S^Vn.* 

OR 6.^ * OS-iSS - VSSlS'i ^ w 

CR ilTm. 5 ■ ^S S 


GwE.N ~. Cv«XvXSR CRR'T 

A*a^n Vekks Mvjs 
e»_O^TC -VRANV=E.R 
tA&i’ts KS a«s WL; 
\ s U.420 bm' ( 

fc 

' v 'v6No S .'-'s a* v, ° S 



Cimil«r orbit .- 


Hns; CQ.') l-SiVAK 


First note.. (^R->-Vy . . r a f ™ Y<. £ 

Us - J ^ ist . 

For a. orcouWJ. orsit.. I_F„»wa n '. F«b r 

E* ca.zey 

Tuen- ,or ^ 

Turn UiV - = ■ ^ 

W yClO.io'^ ICONT.NOtb) 
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12.88 continued 


12.89 continued 


OR s 

\.1U4.0 - UWVfl* * TOB.O ? 

tO CoW\fe« VATIC** OF MC^OUNR. MOMEVTOM, S.&iO'R«.X 
THAT.. A%: V*U5^V O'! 

•fee. s.™ t UA 

t«em rS * m <-..c*.v,r -. 

r a.OSWYnn* S*IA^ 

Wa.Vvw^ * * &£* 

Task.. ^ r c 1 .&.W 

OR C^V -. -^- x - ^ w - 

TB »a r c WcVa^ Ulotm TO6.C> % 

”' toSAo W inzo % ' 

xSSWl^ 

OR tk%\o * VSloo 

CWI Fro*** Eq. cOu 

* .-^— r *v * ^^^‘LIAoW - VS ZZS Ex*. 
(►Vbv* s%sn -c. 

Now.. t V> % 

Cfl* V\^ *. 2L2-"b- Uo'SI^V.wn 

c>ik V>^»i no \z.m 




CoU'^.RVfc.Tio** OF A^Go\_NR MCJMfLKjTV*sr\ TVV4CT.. 

ftc.; 1 C^ 

tb: r c ta - Sk w C^V t(> U1 

^rom Eo c.*V. ^L^W.* -^^-is.usn t 

» 2A,-»U.«k 

Na*J~ WJJV,* * Ck 5^\* ♦ I^»S^ • C^lVoV.4 ItriC^ \ 

~ 2»S t OLto *Vs 

FtoM Eo.^.. ^g^.<c*o*-* 

- zA.ysz 

FikiAU-Y- iX-Sfc 

DA A x (. ZA ifcS- ZA, ISO 'Vs 

OR. CuJ b » SS /s 


^!2£!H ^*eA*"* ■* , 

CWb«o ; v*z "■<«*.•, 

NC Of.C f*.K.TvON AMA 

w,**. - 5 VJ*"! iw 

E>mv . c.R\ (.o*,^ mjs CR*.^ 

, /fj ^ ^CJOuJMMwfcV 

Ml to 1^6 


12.89 


G'VEfV - CvRbovAR OR&VTS /V iNMb 
■?, MtoJT TAR. enJOU 
AM*> E.U.»'*T'C TRANSFER 
oafvvs ?£. ai>4f> Cb^ 

\ b*S^ * Z&o A l &*Si.=21ao ^ 

\ - AZ&9 xv\ 

Ll L±^>' 


F.rvt t*3re.. F^xbAf-fO 


cCZI = 


F»WfT *0376.. R.- V*«0 *v« x ZO.SOE&MO* VI 

^:(.SAtoO*16o^w.> « ASAOw.-2Z.S\^Zvv»’ Cl, 
iss(oo**qO»v.v» a\Ao w**z*.e.wzt.<5" U. 
For a orcoua o«»( 7.. T£ n *F iyv*'^ 

Eo. uz.zfe^ : E « G, ^SC 
Tv«k.. 

^ C-.M . Q.^ 

OR & - — - V OSlMC. Ec». uz.ze'i 
Iwew.. /.r\ l » (.zo.Soeto-.L" CO 1 

c ^ w - w.s»««7«:— 

°* C^V.r, -- 

AK>s c^x 1 - x ^zW^xCzo.SoBaMd-ft.^ 

>o«. zi.S'bSZMo'* ;t 

OR ('J'bV.rc s ^ 

Have .. - £x^ a = U^vn* zBo")^ 

, ZS,UST % 

tCCMT\NUtb) 


(.o. 1 ) P 6 * ° AWb AT K ( F r * - FxA 1 o 

UUV-o ◄ 

.. 

CV»N *-LF r * wdr'. ) 

Ncrc.uC, TiWT O^joiiARjacs*. * ^ , have «\ A.. 

O - ' W 'LO<.OUA«/« t s^ “ Cfe 't ^ 1 

CR ^Ro>jjg»/ tc ^*'^>iV«'sJ "^1 

CO Arrtft twe cows >s cor, -wt c*»\.x NtoRRo^Av. 

FORCE. ACriNC ON TAR COVAAR \X. bos TO TAR 
y’R.'tOG.. ”ThvJ», RNG.OCAR MOME.ViTOW\ (**OJT TAE. 
VC AFT \S CoMSERVE>> 

•’• * r % 'rr\l^a'>B VlAERE W^*^4 a 

T ““‘ M -X,' ^g.l«.«w*.*?M 

OR (.^a\ • ZZ.C. s 
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kwEN' - «■ S , 

I 7."“/VV, NEGVELT Fft.VC.TVON MJ<i 
TH^os * Vi * "i ft 
F^Sb*. ',0,'T 

I In ANb (CV^^ 

FC.'l ^ Q-OauJJV/eyos 'l o. 


First note .. F iP = Kir- r s ^ 

*r ft'- (F„V *■ k *>*-'<■>*• Si '• 1 ,V * 

I rtA ft _ 


d_ 


10-'l A\r~£ft THE CORb VS COT ( TH£ C>NL\ HORIZONTAL 
FORCE ACTWG ON THE COLLAR VS bOE to THE 
SPRING. 'ROV ANGOLAR MOMENTA ASOoT TRC 

ehaft vs conserves. 

•’• ^wl^ » where -r K ft 0 

Trts “~ ^»V 

or WWW^^ ◄ 

CV*V Have., .*. 1^,(5 -M 

Mow-- - r^o,- *. - * ^qj lAs\- 

c* ta*V - - ^ » tax %=- zi.aw^wsu.'JJl 

IS). ^ 

or KXaV-as&s 

iO Wave.. ar^r-rft _, 

Mow.. a. toULfcW(Ualb . c nvS & ft - 

Iwem-. xsV l«Wui^\* -ZVUo‘|+\ew.‘(-^i'5 

OA l&tou.MV),^^--I'i.lo ? 


12-92 | Qyjjiii-. rry.o.ZV^, wv«.»0; 

1 -‘ s n\ - i.* * ; neglect crvction- 
M ^.-O EALL ft REG'NS To move 

FRONi ft to C 

P»ms ; lo.S CQ&V ANb (.Ovft)^ Kr \.« o 

a», Rofc Kt 1‘0> 

tO *5^ WHEN BALL ft VS AT C_ 


12.92 continued 

so that Ua % vV° ^ 

t^»V° ^ 

tV> Wave.. Or---r-r© _ ^ 

Mow „ ^ ANb ^ <C 

"Then, at i*o.. -l r »'i 0 V t %,°\ - O 

O0 - 1 -- O.Z TA - { -^,^-Y' 

OR iO-O TJ- 

Id Mow, f r - O ANb F^-O WHILE ft vs moving 
FROVA ITS INVT.AL To ITS CNAL Rab'TlON. Tho^ 
ANGOLAR MOMENTonv ASCOT THE. SHAFT vs 
conserves. "Thos.. 

■*• isag^us^ * t 

WHERE (. s BENCHES the STATE WHEN Ball ft VS 
AT C. Mow-. 

AV)S *5* a r a - C % Q 

Then .. r *«v ic^V «*Vsl <**,(£ -V 'l 

°* {^ \'**\ -1'- ^ l-S: v > 1 < 

VlSSTToTiNt. . . 

l '* -in g^®g.- 5 l < 


(.O') VlvAEN the 'P'N HOEb'NC. "SAVA, ft vs AENVOv/ES, 

TVMEftE AB.E THEN NO HOftvtOHTAL FoSCES 

Acting, on the EAIE- ThcrsEforE , 

A3 f r tO anS F % --o 

V.COHTiNoES'1 


12.93 




Cft v5* ' 0,91^ s ^ 


Given - Inovav. vr«vc cc the save 
beciNts E.T <l v ft v f.ws 
THE FINAL STATE SttiWES 

*> ®f »Lv%t 

/ Fins'. ERelation o.vAovie, 

i.®., It, ans^t 
lE'i when ^ 1 *0.S>wv t 
i^o-SM, 6,-bS* 


ld> For state l or X.. i- 

♦tt-Fu‘O'- Tcosft-Vl «Ci / 

^ T '^ (fT - G— v . 

^IF n vTW<V,-. Tsin^-ttv*?- Tvj ^ 

WHERE e* SsinS L \ 

Then w feife / 

OR tS -1 s q*l vn6 tan& 

Tt then follows that ^ 

vS, 1 VstN&zTAW^E /i\ 

^ s (>, s.n&;t^ 7 cn 

Mow .. L'A 1 = o - constant 

Tros.. r, mvmS, ^ f'j.w'vS,. 

oR ^ ^ s ‘N^i It'S 

^ X. ft tv 

r r . . - | »,VlNO v S^- \ L SlNfetTAN6z 

ConvAvNinG Egs EA ANS UV.lt7vS»J* T;s.nS,ta^ 

OR ^ SV^^TAN^I, Sin'^TAN^-^ 
l.b'l Have.. lO.R>wv'^Sirv>'’i^ tanT»E» I lCxl,'i y '^Siw^6 l TAN%j 
OR Vn'^tan^l * O.'b'^vHI 

OR 4^ U* 
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12.94 



Cawen '. P».<a\tLt of tvttvvs wi 

MCN.M4 ONC6.fi THE 

CSNT«AL Fot»£€ F 
iUonr, -rwE. EAJuPSE 
r- r »/ll-tos^- KT 
1-0, iS » .S. 

Sh^n ; F* r l OS' wc* 

Eo. L'Z.Yl') 


VMMC.OS. 


d l u. P 

55* * a to. uz si'i 

o.-«- r «sn^ vtnVi - consjiant 


Wow- U' r * ^(.Z-cosV) 


"Them -. 


12.95 


<55 * <Jfc l c. 0 * r. 

35* 8 t, 03 ^ 

. P * Irf^ Ic.wsft'l * £^Z- 

o.t.v ◄ 

P>o vt^Pots ta«\ P vs, ncrrwkcnwt. 


J G'N/En : ViorrvcuE. op mkv, w> movimc, 

onisea a ce>n'AM_ force F peonc. 
TVME ?KW r:r,Simb 


Ww . p «. 


osinC, Eo. IVZ.VO 



5^t + u. * ^yu> to. C\z.W> 
Us r- i».n\> rAVi 1 » cous~wsiT 

F* 


12.97 


Wow -. 
Then .. 


' r 1 <^s77& 

dive i / v 


dive _ _i_ / \ \ _ x cosfe 
3^ ' ' r 0 Sikte ) ' F« sin 1 ^ 

i\c J, f - SW^HS'e^feV Cosfe (,ZS»N^ COS^A 1 

»'■ 1 ■ PA 1 



\~— r o-"I 


GiVgM •• vVfCoCLE. OF WUSS ff\ 

KAO Vt VIE, OMlEft TrtE. 
CfcvnWvL FoO.CE f 
fSLOVJC THt t>MM 

Tsr 0 | 4tosc6; at i«q 
►5 « J 0 

Svtow . Pat OS1N&. ta.OZ.YI^ 


<v\V, l u> 


&a. oz.vA 


Tutu -. 


' sw 3 9 

* c^TS'l 


x. J_ I i-» COS p 
■ <*„ r«-1 svvi'fe 

"k -1— _1_ 

' r, r- v 

■p 2.P, 1 


. s>w l & \ 


,\ P*r« &.E.V • 

P>0 IK\P\_'ES THAT p \S A.TT«AC.-Y've., 


woen.E r-r (ski's rwV, 1 . constant 

F.uH^ 

NioW- U s i ^ 

Tfem- c&* — 

. .. c*V 1 2_C.C*»l& Cct>Sl& - VnZ^(-S\^/ 4 COS2.&) 
A\MT5 TcTL x ~ r- -T7\—--■ 

dfc*" r 0 

t ^ h - = 

.*. Pot r O.E.V ◄ 

VScrTf- P <■ o VIviPUES TrtM F \S viEFOuWE. 
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12.98 

GwE'i: Pa«j»,%ox 

-r>-p i“ CToAvV 



S^ACtCWVTT 

iWOiT -rue 



WWKl'VAObA 

KVJT'Tobl ■* °)W>^ N».W\ 








QjWty: TXvoftouC APPROACH 
T«.AJiEc-tocw ANb 
ORCOUVS. OARVT AROJT 

Veto's - y 4.&W' h) 

, R - t»o^z Vi.w 

PlNTi! CO^ t>S ^Ws. 

' L'o) I 


12.100 

Gvvty: ToAiecToa.'i os •^om.'v.eo bR>c*cAM^ 
WCWT Twe £NKYV\ AT Tv\f= BO'NT 
OP CLOSEST ARPROAC.R, * 4b.t*»0 ^ 
A enrobe* isa.i W.X 

P'Nb •■ £ «T POUT OP «*VEJ»T APPROACH 


PlRVT NOTE .. R - -tfMaCl YtH - iO.<VCee> VO* . / 

ane c„ i (."iftioo ■* V&6.*^ hr • 4\ 48/} mi [ , | o 

« z.\ so^o»io* »t \sn 

^ r s ^r^ewsW Ea>.«.W1 

A-r ft IN i Ci, r.c„ ft.o t Vi> V. 0 » r.S 0 

Also.. (iM » E*. (TZ.io) 

-r^.. ±. , o 

r * u 
-K^ e m C„ *A, 1 ^ lE\. < Va , to»'o V\.}^.4 WZmo 

<i 9 - 1 rti.i ^.Uzo.Ro&b^ vv'i 1 '' 

OR t«2.VZ. 


12 101 

'*" U Gliven'. TbasECToAT OP <©KUL.RO 


SPACECRAFT 


A«ocrr lo; AT -me point cp 

closest r - nso wu > 

J . m 4R.4 ho' > % \ M - L3 '^ c> '* ! ^ N V J jr. 
P«aV. £ AT TOiVit CP CUWEST kTTROACM 


FiRS! note — P* - (.loOSZ * ZQo'lVwi • L^yi turn 
cal Prom pale "lcB oc -me text, the neccp'Tx 

ATT TiAe POINT CP CLOSEST APPROACH on A 

v>ASiA1So>l\c. T-ftASECToRV \S OVEN H,y 
-r- a , r v r E«lolo.T^MO I '£Ts v * Fftluo' 1 K V* 


Tuos, WkW-[^M; 

■=■ to \"S\. 4 ^ 


WVW.R io vo 


C*. 


lb') H**.. t^W* ^a 

Noln.. <AW ^ to. l«.*0 

' <f ^XwL 

“NGN.. ClaT* * ^ ( *VW - WaI 

£ C?L -'M'O. NZ>\4 ^ 


F\«5ST NOTE.. C„* 0*0 W i^ ZAro’ PI / 

Re^ - iftwo mv . zo.^o&aMQ - vl r _VLJo 

PU.V6 .. ^ . &M t cos,^ ■£*• P'Z.VA^ \_ J y 

te\ *Ao«stT C) r- t~ q (j^O Vi»V> a « e^iS, 

^'-Va.. G,M lo = 6,^0.0 (P c >'oM s » wm '| 

- O.OlA-'Jla ONNC> E* 

|rt£N.. J_ . O.OiA-^lo , . . ,\ 

r. tc. 

ob. ,- - C - S « ■ 

OR €. • \Oto.\ 


12.102 r c 

___ Ajiven : fc ujv'T'C OBftn cp A 

-b«EE\.\-TE AAOOT A, 

/* N. PIANET OP Wlft.y>M 

f \ 'toast 


~ -Z.’Vl ^ 



:. \4^\. inV? 


PVxve.. r* ^i(Rt<a.6) Eo. OZ.V)") 
I'iowj.. OCT K'- P* , fe* ^ '■ • • ^ * (.'♦ t') 

AT r^r^fe.xeo*: 

Tue»4 r, - 

<=«. r. 4 r, ~ Gi.E.V 
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12.104 continued 


Ca'VE** ' ClRCOIAR 

Oft^ns OP THE Wft.CE 
SWottle rt&OJt THE 
G.Mrtu; >S a vea.«Lo>M too*.* 




First note „ c^x rv=)w3-» xcsoo/i w* 

* Z\. \Z\\. »*o* IX 
f~ % - CIHloO 1 "VlCS *W| * KZ'Mo wii 

- xz.t.azs*vo v ' ii 

R- "S^Vo wii * ZO.^OBfeMo" LI 

(.ex’) F«*OM THE bOLvJT\CW to TkoftLEM \2.VOi_VMW6 

for the. elliptic o*»<r f\%.. 

-L. t i - rG M 


(HER 


Rllll^ 


jfcfSA.vix'* 


GlVCtO •■ F.U-\PnC. ORSlTS A,8 A.'a OP 

a. spacecraft »a ojt -me sow 

M0»> THE ELLIPTIC -rftAlOLFEiZ 

o*»rr (K^\ 

Fins •■ LO.'i Lo*o A.e'i 

\ £o5^\ A.Nb \JV^a.l 

!*lll"ml -H 92 * 10*mi (•— 


2\.\UV.x„J*l*. LL 

«• 2A-.ru. 

C* *5 a - i(o.ViO ^ + 

tW Foa -me Elliptic. o*L«vt A.% vaxve- 
W - V. V, fc i r* - r % 

Tnew.. tvS^N , - Z-W.vu.^ 

x 2.4, 4U4 ^ 

For the circular. o«e>'T , c*.e to. (.'Z. 4 Vi 

^W-Sf - 

- 2.4,8\Z * 

Finkux-. ' tk5 »\». + ^a. 

OR &»S*x (.Z.4=>IZ-2^,4^^ 

cA k«SG*4-48-^ •* 


Fir's; note.. Rewcm s 'V**& «*'* * Zo. c »o&e > *io LI 
•■ z.oz.'mo’ ta. * i Oto'o.^x. mo'* Vl 
= ^Zxio” »a\ * 4®A.iU’mo <i 41 
From the solutioio to vVcalem \Z\oz, vsxoe for. 

XNT ELL'PTC CRBVT AROOT THE ■So*!-. 

_S_ 4 X . 2CMi ou 


G'voo . A puxwo oc rxvos R <ln>s /k 

LfACE PRCAE 1*0 X OR.C.OLXR OR&T 
PA&UT the PLANET XT WO ACTtTof* 

°lR Aoot> HXOIOG. X VELOOTV 
ELLIPTIC OREiT, INHERE «S*/5»*S^, 

b<\ 

Fnoy . So TWO THE VRCfcE. t>OES 

KICTT CRASH 


(.O.T For. THE ELLIPTIC ORR'T AS owe.. 

r >*^, c x ir & , Vi= V, K « C ^ 

A.LSO-. GM^ x G»^'«. a"o')M tMk - w \ 

* <^4lh« m ,lSSZ.&xii?'i OHMC, 6 a. OZ.Si') 

Them.. j_ j. . z-g^xno Csu-Bx'^ 1 ) 

r x r s ' Ct k *T k ^ 

.r - I*®./ LVoSAoRxio' \ ,h - 


LI.SUIO LVU 


TV\e 0«.C.OL>* 0^\T iS 0 r 

wvAtsie R-v okR. sR(hk^ 

Thew .. c,w[ «*r„ r (.hoO 


oR xS^_ x EZ.4 *i& 
( CO*STlVlv»El> 'l 


LtOXfTlMOEb'i 
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12.105 continued 


12.106 continued 


Cb') From PWCT k.O.'l HRVt 

"TutU, FOR (kNt OTUtR ORbOf iSRooT 

tHt VjM HRVt .. 

I _L _ t r ^U rQ ^ 

T <1 “ -h 1 

For tut txuRrvc. tRRusttR oRR'T K% URNt- 
t * *R * ^V. v r t‘ < ' ^TR ■*• r *. F^*Y|R. 

TutM-^ x (cy* rj 

r ** r * 3 tr,^wi l 

it avt / 

- s 

^ . <.v % .'w • 

TutM 

=■ \ZO, ">«>& ^ 

For tut tu_'^C ©R%a N.' &' urvE .. 

T ~ r K’ , r t' , F> * 

iut»*- , ^ _j_(.c^y-tA* ^ 


«w * ^ * 


cr^y 

4* n. \*ll 


' <v <v ) . < _j_'f 

- l<i7 a-m^N Z.ot»IQ , *’Wvv f t.o2<\o^ *»>«?• 

- •>) 8S.S*tcJ*l4_:_. , _J_ 

MW .Sue?* BvSucT 

*■ w^,e,w. ^ 

F1 MRU.Y.. *5k ♦ t^R ct 

OR IwaSr * ls\ h \^- 

or \‘iiAr K \R\^6^ 

IMslS x (.‘J’a 1 \r * b»Sfc 

OR ^ ' t.W'o.ftlci-\ZO,-yS&^ 

OR \ (^»3r\* V^0C>^ 


12.106 


Second «rtn»fnr ovixt 


Gwga*. r#AKBouc 

EuoPrvt TRAMSttt oRS<rs i\R *»*> 
TbC, *N*> C'RCOUkR ORRU CR R 
**ftckt rrooT Mkjrs; 

“V ' 

r N x <)x>0 FV*\&OMO 

Appn»i h tmjertofy = 0.\C5HW 

P'Mt> : V.tt.') \ RjS*\ 

lO USc\ 



(<0 For TR<= ViARAROL.'.C W>PRCi*W -rRAAtWORv, RoixH N 
>•> TkVt PO'MT OF O-OSe.S.'T RPPROCU. "TutU, «W»A 
ptt££_ Icfi Cat T*e TSJ.T UANt 

I^aW X 

Cj^mwa ' O- WfH ~) 

- O. \o"H Oj ovuc Er. L'i. ^ 

T «“" RWW [ 1, ? w 'i t 

,. W \t K \'^1. 

'^“^A-- ) 


'?>0'6Z..'S ^ 


From tut asctxn\c*A to vRorlem uknE. fc* 

W( S=JA.\S*T\<L OAA'T ft*OJT HrRS.. 


From RR>/t .. 2.CaM M><ks - 

IvAtxi.. FOR -rut 6 .U_>R^'C- TRRV»*»ftR ORR't (V 3 >_. 


VjtttRE Fi^ x x '■iv^ k &.V«k 

Tutu- x * X _‘ r txU^TffM.1 
"V ^ ' \ 




iaoxio » 

* 'bOO&.Ci 

FlMRVJLX -. C*JOsv * ^ k5 A.'lFX». ■* 

OR R* 5 ,vx ^ocs&.O-^oai.'bN's 

C*. \R*S^\x1A.'b’ l s. 

(b'l FOR tut EXUfViC. tRAUSttR ORR\t R%.. 
Fvs * PFi^Tk^ « 

n-Atu.. tl y 0 . x booa.o"? 


' T,Mb *“ x x Aooa.o s 

^ \bo».cr ^ 

- \^>c>Ao ^ 

Mori RPRtV to. (.n to -rut ScCOUS tU.aRTxt 
TRAMSttR ORR\T M,c Rub OSt. 

F^. x 

"Tutu *• jl * i - FylkovWx.'i 
r «. t ' L«% 


« W.V- ^ArT 


Vboxio 1 Fw. 
- \o\.ui ^ 


it>c>x\cr tu 


^xvc? F.-BA 

tx Axto^ 


VCOUT'MOt.^ 


F\nru.v .. a Cuba 

caR a*Sa x C'O'-b'i- \6 >oAoT's 

OR \R>Sa\--Ae,.bs^ 

(.CT For Tut tU-'BTC TRRHSttR ORR'T .. 

___ F>fcc.- ■*■ PF t T 4t ’. FaCiSa')^ - I**. 

\utu- s ^Ox vo \Vm _ XCAiVo2 _m 

Axao F.«\ * 

- ^ 

For tut CvRCOLRR ORR'T URVt-- 

OSrW - ^OA'2-AA^ 

n ~C CCoUTIUOtbT 




12.106 continued 


12.107 continued 


VU.CAU.imCk CRom p>art (.05 t>U3 

M I , S* 10 ^V.YW \1 

- Uosz .5 Qw ) 

_ i a \ ^ 


w. caw 2s££fc 


FiNALLT .. 

OR 


12.107 


* 5 z.u<V 5 ^ 

* t'Se.^ *> &* 5 c_ 

^stuS') % 

OR \ CvS<_\ - \-fc 4 ^ 


Gwesr . tarabocic approach traurxtoiRx, 
E.U-'P'RC TRAM SPEC. ORBalTS 4S, AMS 
b»C AMS ORCiHAR QR.&T OP A 
s>ac<= wccfee AacaoT Maas' 

^L*> 1 lo " 1 ^ • <J,xS»vC? V»V1 1 

Approach trajectory ' " 44o ^ 

Ftwv.<.o 5 r a 

CbM^*S%\ anS 



iofci .5 ’s 


NcaM - lvS^p, n A v X fiOI&i.S- 4Ao") la 

From THt SOUJTiOM to TboSBLEM \ZUOZ. WAVE PW* 
ANY ELLIPTIC OR.BVT ABOJT MaRS-. 

X K i. . LSTA^kx. , , V 


*t '%. * -W 

From above .. ZG»M MtiV ,« r K U^W^ 

IvVEN.. FOR THE ELLiPTiC TRANSFER CsRBtT NS>~ 
-L . A. _ r i.t- l ‘ y A'>rAA^ , ‘ 

r * ^ - “^5 — 

VJPERE ^>ab s ^a'i’SaV* 


\NWERE 

-"MEN— J_ + Jl FVQ’JiQpAR V ~ 

r * r » t tc K Wk\*V 

f UaW lM 
■ l C-S^w 1 <a 

* 4* tllfl&l 1 - 'l * 

or. r 4 -. 14.S41, vo' Wn 

OR -ZA-.Smo bwi " 

FW) For the £lupt\c trasses*, orbit AS.. 

F*& * * Glass')** 

(CONTINUE^ 


-i- X ■*■ 

fA <B 


n\. V 'XWAi. 5 \' I 


=. BSV 5 ^ 

Mom APPLY Gi. LO TO THE SECOMB U.UR1K. TRANSFER 
ORBIT AVIS OLE 

11 r R x 

-- i, a i . jA^UJj^ggjt 

r B «t ' (.^U^bVI 1 


5 Qfci- 5 ' , S 


S*\C? >LTA 


c.a't For toe tmubouc a«ro»w tralec_to«t ( point 

4> IS THE. PO>*dY op CLOSES^ APPROACH-THEM, 
WOW PWXE TC ft CP THE TEXT VANE 
l J hW * UCxMg,^ 

t^ova -* C^\ vn^s “ 

* O.\Ol 4 ^^*\l# 4 CTW 05 r*KJC ^fit. 02 a>^ 

T '“ H " *V. • *— (i^saf- 


2 A.S 4 U»\© Ws ■ ■ —“ 3 T * -- » —- ] 

lA.<Wm+\*T \m Aiuo' Wn 

- u&e.z'? 

Them.. ^Vb' ^ 

OR. (U5^ * S ^ 

CR. Us>I a \» 2.<oS s 
Novj- for the Elliptic toamsfe* orbit %C— 

V ! * txV r » t,5 »V ■ 

-twcm.. t ^ v , ^ ^ 

Amo V.wn ^ 

* ^z^t.o ® 

Fca« TWE circular orbit h ave .. 

^ [ ? 7 v W 1 |^ A' 

^ECALUMCx FROM PART (ex') THAT f- 

H “* AU-tiU^)\ \ 

■a 5 Z.US.-i ^ 

Finally _ C^orc * (-^bc ’ a,s c 

OR Rv^ a (.-5ZUS.Z-42-Si. o') ^ 


12.108 


/ OR \(S«3t\ * 1015 S M 


Gw Eh : tU-iFTic TRANSFER ORR'T A% oF 
Vbci%LEV\ tZ.iOU'a < 7 ,vS»K? b.t*i > 
r a a teoato Ww\ 

Appruach trajectory FlNS ’- 



From the sowtioh to TFj.o»slev\ \Z.vou Rsxe 

» 3 ooa.o ^ 

From Eo. (ti.AS.') tT follovjs that 

-^aa = t ^eLLiPse^ * 

where a a i(c K v x ^*\o a \&;>vto') = S4.s»to Vm 
ads F>a x\_(. c )«.\o 4 ^V&0w<^)V 1 ' * 4o.z4Sho Ww 

Klso- F^-a r^CaS^ = Oav^tw^-vbota.o’sV'^ cn^'o'' ^ 

(.COMTiNOtb') 


102 











12.108 continued 




**' n.oTi*\o c > tcs.' 

s 

* 4A\ ^64»vo b 


OR 1^= ai Vi Vo MIM IK V 


F«Bft>T NCTT6-. 

r K « cnvu ^oo'i. i\Y) Vun 
r. = (,nvi 4 W 40 V 4 vm v.w, 


., „ ZnosV 

t^ovni.. X s t— 




* + % ^ 

, ( 00^0 9 ^ 

CSJ. V-> - bReMtm l &. ) 

' y 

IrttM- — ZTXtxV. _ 23\CL l _ 

V>WT W ( ?^^ f L ' 

_ ZTUbVolMO^mV^ 

= n. 6 s _ u»\o v s 

on. X* AV» Sfiwsi V\S 




where a--i(.r >< »r a ’v 

= lUvYV* A'oTl'tW, 
» Mo 1 Vim 
a*a V>* 


From TAt scslotiou to rfcioavjEM \Z.\GZ ua,ve.. 
£ ■» 4 % ^ 4 M Maw 

rk r * w 1 

Now-. GM VhX)W * GFC>.CXZ'VOM tVeTl ,') 

* o. c>vrio c^.^5^, osikic. Efii 
Mtvi.. ^ ^ te>, o 1ZV0 ^ R. tAnna V Q.OiZ'SO 


F'WOT EETtavitMt THE T>*«E v=oR YH 6 *»»£ 

To TSAMtL FROM THE tAVTA to \JtMOS Nksvj.. 
^-*>* 046 . 3 

VJH£R€ X^ \S THE T€.«.'Cb<. CP TW£ 

E.U_vPT\C TRAMUFCR OftSAT. IApwxiuC, VCtPuSlS 
TH'Rb USVJ TO Trt£ OR^sTS fxftOJT THE SOM OT THE 
SfVRTU AMb TWE. PRoiJE 05STMM-- 


WHERE 

SS>V> 
Trttti .. 


T. tljpn 0 . 

t (,X 4 ^v^ * \0 + i»“l. v ic 5 * V wi 


- LV'^'v ) * T\ 
* 8 Cy\»\o w\» 


(.VVotr: t a 


0 . 0 H .1 ) 


. i ( “rafV 

i i & 0 . \>-io v * mV \'k.. _ . 

'll qvo»io'- m) U'-VZb OHXs'V 

= VV=>.qm txrs 
- \Z. to\Z4 <s»o* b 


In T\v\t i MOK ( VtNOS TBJS.VEXS THRbUtiR THE 

A.MC.LE fe v G^EM F.Y 

^\i s ^ m>o *6 = ^vacate. 


ASbJtvVWC, THAT THE 0<«*T OR NehhS \s 

or.il.oUsR. C Note; t VtMos s fc-OCXodV Then, for 
A ORCOUsR O REVT-. 

* \ G^vo»i [ til. oz. 44 Vl 

' *>/ 

Kbwj.. GM^*Gt^-^''C?wi ¥ i ttTW ') 

- _ iV..a»\0 ! ‘(.QR.\ tATM ') OSiviC* £&x\z.\o) 
uve*.. (X _ Xtaottt. C 

^ l ^ - u 

- MaoQt Hmto ^\\ L 

VJWERE kysm - ^toO m\ x ZO.<}GedMO* tt. 
iAm^j * kn.txio” vysi * 'bbA. 6\b*ic? Ft 


= 4 . 06 AA. RAto 
* Z-iA.OZ* 

F'viavvt -- 4 > * ®v/ ■ ' 6 o* 

•x ZZA.Ol*- \Bo* 


OR 4*' ^*A-0>° 
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12.111 


Given - Eu_>m oreit isacor the sou of 
the wMti Uyakotaxe , fc»O'W&Bl, 

r M ,n '- O.TbO«*^ K t -- 0.***,* TOR 
THE EARTH.'S OM*T MMT THE 

•>on 

FmoS ; x TOR the. COMC 


12.112 continued 


OsiNG, E&. Ell. W* HAVE 
Poo. ANV ElLaPTiC. o«»'T 
mvoott Trte Son- N 

i- ^W^ wtcCA v> 


WAVE .. 


** * 4 '^ v U 4 -—<;—-I 

On ^ fevifco US 

For-niine cDi ^ % * \_\ °* r >* wt r ® 

r t 

Now — (V-* * i?T. * 

Avrlyinc. VCERL.ERS twos uaw to THE oSftVTS 

AEoor THE son DO THE 6 AR.TR anS the comCT 

wove - t 1 y 

^covyg i ^ (XcomCi 

a **».■"* 

F*CWI ASOVE -. CkowiET - . ^MVyg , 

'* toaw\C 

O. Z.'VO 

V ~ EoSMCI 

ANb O'tMCW - 

f^N- lU / (^s- \ 

\ *e I v v-e^m ) 

oR. r- / C>.Z.V 3 N ^. , v 

UtoK,ti *• v \.o.o°R 6 e.l) *•' '^ < '* 

°* 'Cr.owvk, ' 9 ». &HO 


Gwen : T>«Aaouc. tRaoectorx 
s' cf -the Galileo 

X SPACECRAFT AECxJT THE 

/ EARTH, J^VO.AZ 

4—®— Es*t*. 


Area swept our -* A^ = V.G') 
Now- - iV, , virtCRC Vi -- cons-T»,m 


, VJHER* Vi * constant 
A« V,*r^ 

E.A * A XL. <C 
-«• -—;— is — ■*■ ” ^ 

r K^L * * 5 s 

Si» "IS Vs V.TTI 

11 ■^T g = 7 s 

•= V\s\.e>s 

DR 2.miW * 


12.113 



Gwen : Para*ouc awrocr 

TRAJECTORY AMS 
CIRCULAR oAB.IT ASCOT 

Venos of a sp*ce 
paoftt ^ K - UoSi Vw\ 

I m vr^ x V«1n£* 
F>nS •' 'lac 


IAave.. r - cos^ Ea.Ul.W) 

For a parabolic trajectory , £« l 

Mow - at A., ft« 0 '' V 1 

^ o. ^ r * s 

NT c, ^' c »0’- Q.' ^ Cwcd y^“ 

<=*■ ^L» 

•■• r t 1 Z- r A 

As THE SPACECRAFT travels FROM -TO C, THE 

AREA SVsltOT OOT IS tW£ PiVRAJBoUC AREA 
1AC. Thos, 


F(Rc*vx the solution To FVoBlEm VZ.^R wave.. 

(vT^T^j^ • \o \T\.A 

**«> (■•Sa'W * = ■ ,,u i° ^ 

Also, G% * ^ Rfeoi \lwi * lo'S'SZ. ^cxn 

For the rarabouc. tra^ectort " 6 A wave 

f= -- ^r v (. K t cos^ \Gcl(.vZ.-!»”)] 

''ea 

WHERE E.M Non- . KA 

At K*-o: H.' 

. o«. 2 jGM« 

At ft, ^ (.^Ci^ . 

C« r - - y- - 
^ a GMy 

••• r B*^ r A 

As the prcse travels frcm \ to A, -me area 

SWEPT OOT IS THE SEMlPfsAAEOuC. AREA TsEFiNES 
ay VERTEX A AN A VOINT ^>. TvVJS, ^ 

(.Area swept oot^ -- * s^i . 1 

Now— - i^Vl .VJHERE Vll CONSTANT 

Them A*i\sl or taA= 4 ^. r N ^ fc 

- ^A 

r K vJ^ 3 > 3 a 

_ A uSST-viC? w 

% mS U«k 


* io n»T.A ^/s 
—■ Uololo, lo*S S 

For the orcolar -trajectory AC, 

4 s ^ r A_ , "D W^ZviQ^ TTS x .. p.5. , 

Ci^aVim 2- T\u4.0 ’•'/•s SOD- VIS 


^ CvTaW 2- TVU4.0 w '/v, 1 • 5 °°' 31 - 

Finally- t»c r ”^«a' Iac 

* (VUW..VU ^aa.^^s 

« 3.0SS.O S 

OR 1^=- S3 MN SSS 


(.COMTiViOEG'i 
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12.114 


twtKi; ClRCOl_Ml ov».»n OP RMnjs t\R. OP 
A SPACE PAOTSE. NAVtMA VELOClTf 

fcSt. MSOOT a, PlanTET OP RADIOS 
R. •, A* point k, vev.ooTy \s 
RiciiOCES TO ps^, (f ><-0 wnrtP 
■pROBE. IMPACTS AT POINT ■?> 
FlINV . 4 - Nc>*> IN T€.R.«“\S OC n ANh p, 


Have pc* tne orcocar om.it 

i&aMl] H, 

os. GM - nR.Aj' A_r 

Fo< TAE EU_'PT'C OSW ASC l 

r ' ^xr Cut cosBI 

VnJNRRE. 

' G.I^a'W 
-{.n£.Xt >‘0 

Ti4EN- JL _ , r. \ 

r '£*M?F (v * feto ^ 


’ F^qs»-<l \ 4 


t^OTiNC, THAT Point C is THE. PERlCEE OP TWA 
E.U-\PT\C IWlPACT TAViES-T^X SO TvW ANC.VE: IS 

biEPlNEN AS StAoVJN, UAVE.-- 

kv \ ^^^ 0-0 


R. 1 C 14 ^ ’ ^TRpt" lvff)e«%J 


No\n - $fK 0% ' ifio - & ntf-\ 

so that cos l ifeo - 4- t*S&) * 

os. -Cos( 4 AC*,V 


oft. 4 4C>&> * cos ^ 


12.115 continued 

oc. - -?S«s ( 0 , 0 ^ 


ww-Vlt??™ 

to SXNO* m / 0 02 -Vo* A &V VA /s 1 ' 


, to.SXNS_ro 1 
SloOONO W\ ' 

= <>SO.V!> ^ 


W*0 MO* W» *v\ 


Fctt THE. EU-lPTlC IMPACT TAAOetTOft-X HAVE.— 

r 31 < ^t 2SS *‘ v c t &a. 

^ cr/ 


\NWRRE. V.^ ' 

Motimc. that point P> tne m 5 sx>et oc this 

TRASECTOP.T, WANE. . ,. 

.. - ^ .1 • J. , <s"Wa± _ r 


**.*"*>•' -,S^_ C 


oft. C * - 4 

V>b> ^ 


fci C, -"lo '. o 


•v Ccos'.-To 1 



GM„, 


SJ 

OR. 

■*■ 

OR 

CvSaV 


cos To* 

J_ / 


_1 __ I J. 

coslo ' "■ 


i. _ ' 


GM WOO *, (.wcos'lo") 

JL . COSlQ - 

r r a 

* ew «n,f o ^\ACOSlo\ 


V TA , •% .1 

/ r V U.y MO W\ ( O.OrbOC^.SX COSlo ^ Vll 

** ^ VoCO’no^vnV v .■ k - \ 

„ v'IS'Imo 3 

= 

f'NAU-T .. <.*J&'V.- ^Vn » t>,5 » 

OR. Ci-Sa ^ C &IoS.4^-^So.A-!>')’^ ^ 

or. \M5ft \-M 


First note- r 6 : » pso')Vm«u^i»m 1 U 

VAAVE- tea.ui.'iS*^ 

Kt K, ^ * O' r^* TT i U v &A 

- 

Aa ^ = 4 r * 1 Cut«>s < S a ') 

°* ^ -fjtut cos^a') 

\v^c>4 »- r^(\-v£^* ' 4 ^ COS^ 

OR. C£>S& a * £\ ^*lv %0 -»1 

< r IO. Bho ft -w> . 

= \. OS11 H.SAiwo’k.W'C' 4 N'PI'1' ' i 

- <i.SUB Ti (.Cov»-oNot<!)^ 


From the socuTtow to TAcoelem tlxoZ, wsvt 

SOR. TNE. Ei_Uv»T\C Oft»(T (\&-. 

r t i r .^^jrwgt* 

N rfc v,i 

VNWtttt Vi^ - tK^ . (^3^ 

GM MOo#4 - G>C^- 0 \ 2 ."ic> 

TO.O^Z'iog'R.'^oM os>nc>, fci. 02.^0) 

__ i 


Then - f ^ f = 


CCONTWiOt.^ 


70.8 K I0 3 km 


Gwen - Fcuptk. orsh anS 

Eujptic impact 

TRM6CVORV OP Lonar 

Ormter Z\ 

Mmoo*. 0.012*5^ 

FikiO : I /Sk5 a | POR impact 
AT POINT C 


£>wgN '- Uy PERtoU'C TRAiECroRY 

C3P A PROE.E ( t-\.OS\; 
M-TiTOSE Psl P. = 4 -SO 
i5 fc ST" ^ Poft ViPiHER 
R Vwi x 

M = \,^ no 11 

FiNQ taA 4 .»kO¥> 

" ^^3 
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12.116 continued 


12.117 continued 


on. SfcMA.-yjoV* 

CVs> Prom (\«ove_ Gv^c^n- 1 * t cosfe*'* 

vmre*e Vi* Tn I Z% ' w <SrI* r 6tS# *»*♦ „ 

4 » » e>i.s*) • 41. iv.w* 

UA6R- n—-^T8» 1 e 

GM^t^ 0* t u>s%^ W'' 

oft - *** ‘ ^ t tos^k^ 11 

. -,. w;. ..« *». _ 


JL r _wou. 

GA C5.V* 
4'VO tw 
40~SSm\ ~ 


=■ O.U44 \\ 

o«. * wqof 

p!Kip.u_-<.. ra»or-» \ecT- 44.4o\* 


SlN^Tl.EloW 


'\\. < H2.mo'*w> 
t\* t\.o^\HCi.9io6lMl\ 
ob. ^,SS.6^ 


R* lifttoO W\» » ZO.^Ob^'MO VL 

C K 5 t "V^ioO * 5 Soly/v »<v^'o YA\ 

* z.E.it»u&»u» 

r m * Ci4aO-* ~lS')Y*.v » \o"5E» TAi 
C'RCOIAR CsRtt'T HAVE. 

t**. -- \,£a.Oi.44>l 

' K u.. , 

- ^O^ofcs£>*\0 *1 V Z.l.’\^Cafe»lO U 

- 2.4 8n\ t 


V- F K .m 

►5k r Mm 


PitslfcO-X 


MoV4- C»V>»* * nS^ + MS’* * U-\6l\ -SooVs, 

- 2.4,101 

For -me elupwc. \sesc.s=NT -traaec-TORV rave... ' 

r : co^fc \.Ea. la/ifil] 

NioTlMC. TRKT T>OlHT A li M IRE RpcsC.EE OC 
TR\S 'TR«ciBaoRx ( URVE- 

nt k, •• 


CjiWEM - tv.UM\<_ oM»'t of A 
'R.'iEVi.sTe AS WsWN; 
foR CBMO 
WtAvErrAxe r 0 t0.13o4| 
t*o.W6en- 

J - 144.1. mo Ew> 

P'NV . CO .1 E IN TERM'S CR 

(.b') r, eon COMCI 
HVRKUTRKe 


Mori- W* (.V**^ C^OSWe 
ANb GM« ^R 1 - Eft. Ul.'iO') 

From raove .. c^R 1 . It*. (,\1.44^ 

IREN- G.M Piv(.‘3o«t'| 1 ’ L C I 1 - 

vA I^Ua'U? 'vuJkUI 


lcownv40E.Vi 


vjReat r 0 to.rioR.t 


( ConTi 
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12.121 continued 


T ““ ' r ‘ ' 'Rn-l-u.-* 

- XX 

or c; - uch «.\o w\ 

Note: C, OR C,s.O.OioV uGwt stars 


12 120 

\ e .. G'men 1 . Elliptic oatiT of semimrior 


___I QW6w . ELLIPTIC OHfciT OF SEMIMRloR 

RXlS 0. RNh ECCtNTRlClTy t OF 

R srtellite rpasjt r rv.rnet 
OF MRSS M 
bvVavj '- Vr* ^Ma^. t M 


Hrve.. c* C ^fi(,HEcosfc1 6a.W*’)_ 

* T *. ** o; r.- ^ 0*0 S' wT^Xl 
or r„, —— -(— - (xP*)—) - 

CM VA-t \ , 

(Vt P,, f, _ vy 

on. c x , v£ _! U— r; -4- r„- 

G.M i-e 

7wen.. r- r _V>;_; , _;_V? L 

° ' 1 GM T*€ C.M \-1 " GM Tt 1 

Now.. a-- 

so twrt v£. _1_ 

GM l-t*_ 

or Vi * \<kMaOfe. 1 } O.t.^. 


blMiURROf, For Mfe OROVT <sF SRTEU-OE 1_. 
~WRN~ Tx. ^ 

^ 3§:0^ 

<GV\ 


''"wen .. ti 


12.122 


C>.6.\>. 


C*M|En : tWTONXOBxxJE OF WKJtoFT 3000 'V> 
MWlWG, bOWKl R E> IHCUNV, 

^• 0 » SO K i RT 1*0, fg« A>u6 = 'ZOC>V 
VS RVPuOs 
FinV. X. WREN kT*0 


’ < ^=^ & 

'if 


12 121 

' G»iVEn ' 'wo ELLIPTIC orbits OC 

SEMXMRioR RUES d, RN*S CL t 
AftooT R BCsOy OF MASS 
■pERiOBxC Times X, RNS TLi OF TWO 
SATELLITES XN THE ELLIPTIC 
ORFSiTS 

t>ERxv€. : kfEPt-ER S TWiRO LAW) 

(. Tj}\ A siSMC, £as. 

C'i.V*') *ns IV2.*V> 


V\rv£ .. WOl: VJ SINS - (VpA& 

V*V*ER£ F w 

\IAEN - a CSI.Z SlM s * - * - VCx OTilo ^ 

For -mis ONiFORHvy SEC.ELEROTQS MOTION iRvt _ 

JNWERE iS^Sot’ 1S.VW *Vs 

'wen vsiWEn *T*0-. O = CT&.3V!, sfcZ'r'O.OXsJV)* 

OR. X* IWT Ft 


12.123 


Consider TWe EU-iFTie CAB'T 12—~ 

OF SRTeuuiTE l. K\ow 

* Cws6 1 

' |V N 

'WEN, FOR orbit \.. 

ft i ife, - L_v^—: 

T«*- RS.' C k>* c "V' S k? ■!■•') 

OR '.FQ,* (F»V _ 7£>M 

CO, (ro, ' Vi?-" 

Now a, * A 'Fr'iA b, * Uro,\r»\ 

Twen- iQM 

b, 1 ' Vi, 1 

OA ^1 - 


For orbit I.. 


Ea (>l.4SV 

ZT\a,b, ZX\ 

'TT^ ( ‘^ a ‘ 

ItONtTlNOtb^ 


QiVEy . Tn^. SoVq, tvv^.VS Vo^; 
^„«0.\S, p. K « OWO; 

%' 30, P* ZSoKl 
Fins : taV 

Cb^T 


First berERMiNt if twe. buxks will vtone. for 
T we. Given vrujE of P . Twos, seer t-we vrloe 

OF P FOR WvVCW TW€ BLCCRS RWE IN IMRENEiNG 
MOTION, IaJITW TWE iMFENVjINC, MOTION CR K 
bOWIJ TWE INCLINE. 

&t wJ[ 

A ; \, 2 *vtF^ * O- N w - Videos Vo* * O 

<2 0(1 N^sw^coxto 

^-f\ Mow.. F^a * pwNsB 
? Bw * CyiSM K Q,G3»VO 

t»FF,so: T-P+F^,- VJ K siwio * o 
OR T * P * (.S.NlO - OaSodsVo ) 
boBstnoriNG.. T* PAUobqV. c >.B''^XsiN3o-OASa>sVo'i 
-(?* \oe. c >i c )') w 

& - V5;r i *o: M* - - VOsCosVo * o 

c*. n & * c^cosvo (,^4 
^ Now- F % « / x s N» 

N^\ *• 0.1‘s^cosVo l<v\ K *tvia'> 

t»EF,*o:T- F^- -^V)* sin Vo * o 

cR T = rn 4 c^ Sw3o + 0. 1 S wi^^ccsio** oxScosVo (.nv') 

(.oontinoesN 
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12.123 continued 


08 . 

’ W.e>\ ^'A. t'^> OAS tz*V&"^V^.cosvi] 

* \IA \SZ N 

Tv\6.m — \U8.VSZ hi * 19-V vofc.^si M 

o«k 9 x S.O. Z Ki COR. iiV\P£.Nt»M<» Tv\ 0 "Von» 

op A. tAWMwm. Since. V«. ZE>o M, me solves 

TMIl-V. N'\OV£ i Vjttft A MOWIMC. iOVIW'rfW'i. 

VioVN CLOTAWtft trtt. MOT\Oll OP TAft ViUXMS. 

too 


FeoM. -me. fciNSJ!AK\.. 
ccxws \t v^x convistn 
TvCR.. xS^vxT^xO 
o*4S 0^0 0^*0 
- CxaUbZ 1 . t'V'W)* C.'V.-'W) 

X OWsiAMT 
Tv\e»i„ iJ^+xS^-ziS^xO 
iv^s cx^Ot-zci^xo 
=*--. icv+a^Aa^*o o') 

tVJ£E4-S.*A.TVb MOTION %KK>V(. 
AWE. CONSENT. TmCH-. 


A£C^*o'. - vj N cos* O 

OR Nmj * wv^cosSo* 

3Ub>»»6,‘. F ab. * A% # 

* O. \ wv.c^Cjis'io 

>^.P* = W0y| -T+? - ♦ VJ^s.ni3o • iyyo* 

eft. T « W TVT^CSiwV)- O. I COsVi')- T <VA». 

•OTIUJC, .. 

Z^<\W l3oW i >Us.e\'^'Jt , »N3o-C>.\cosVii-0^'i 

(.VW.ulS-sqO N to 


AIF^xO: (\ - - W fc cos3o • o 

oft N b * <$ cosSo (W** »v\^ 

SUBinc.'. 

• 0.1 ^cosSo (wy»»w fc ') 

♦♦LF^xwt^O^: T-F**- F r * VI 6 vn3o * w % a^ 

Oft T ' tv^q iimJoV 0.twv^Cfts3o%0.\^cosVr(«VTTA*y*A k ai 
x ^tTv\ ft sin'io*O,\tZwi N xTvy’icoi'io^*iiy\ % 0n 

xt.ftB\;jiXtvsVi^)VMJo* O-UixSo^s'jV.vcosSo \ 

* t\st<i 3 a % 

* ( ivi. 1^3 ■* \sa*} M til 

EftxlATldK, TlAt tSPRESVlONS Foft T LEjiS.tO <VMt> 
U-M AMS NCSVtMG TWA.T CV.* « 0.*, .. 

vn. w.s - zoo* * \yi. m * \^> 0 ia 

Oft Oy S 5.1082.^* 


^c’ Vk. < 

‘kAsTaoTiviG. ttA€ tJT.PftCJ.vons ceft a* AnJs Or* i**to 

Ea. O')-. z^)-^ - )* O^ + qC'-^V^ 

Oft ( VV ' EVJc. V“» = S* ^ t 

’ W ' S' 

oft “m> ' zo. 8za iw 

aw*> THtn Tit x io.4ia \W 

fcsoev. V. |J I I I 

Ip 4^0, °* ^ > «T % t*V»,C < l-»'i 

SoasTiTorrmC. -- "?■ IO. 4'4 It *(to lW)C ~ ' ^ 

OR V xi \.(oSU 

tW) PavE PftOM ABOVE.. 7»* x ZO.fi) )V>-^ 


.TrtvJTlMG. IN.TO fea 0) - • 

Tx CJH.UoViOx S. 2.081') N 
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12.126 continued 


-tlV*' In f -n*VVJ.o 

or (Nf •» M«V YYI<\ 
SEiS«»K»’. f ')X*tN,L»N».\ 
■•0.2.S xv\Q 


SL\S'NC». F 1 CMc * MO 

* Ca^vn <-V 
- F » wia* 
os. - O.USto C. 


VRsJm'n 

MOT TO SOSE CM 

Aft> wy>e»a 

COO 

Q>) 6-15.* 

CO B'VS.* 


Gxmen -- »S" 0 = Uv ; M.'b'NC.: 

>*■* * 0>IS 

f'M>> : ta^ io. t l ip tut c*ft Vi 
Amour at IK 
LW} \a\ ip T>+i car is 
RETVJeSM A AnS A 
CO | aj ip the cAA \s 

-iVft>T PAST % 


12.125 


CuyEN '. &UXK.S A ANS % AS 

VHOVJM ; AT t»0, ►S'.O; 
MEGaEO PftJCTtOM 
FlMV Col AT 1=0 

CW) at e*o 


COO 

tuxx A". 


■= t>*r>4 Vo ♦ VJ K SiNj'io * ^ 


a* -iVva^-O 


t>COCK '%'• F'RST mots. TRAT 0.** 0- K > 8*)* 
IMUERE IS SiAECTES PARAUJEJL. TO 

THE. TO? SoRFACE OP ISUXJt N. 


rh = raji^A 

is^r^r <* 

-»*l lOu . , Ox \ 

IvAEM-. VJaC. Wfcl'-E^/ . 

oft CVs 'Si t -l')« 02.t ' - z^'l 

•*. <V‘ rcV ri te.i *Wv zo - iv . 

.*. 8.^* 20 AS s^ 7^0 

CW> For shock. ■?>.. 0>'»vyQ S( -TA s a A cos'So 

oft. CC^ s C 20 AS I <Vs l 1 cos 3o y. 

or. o^ K *- nns s'- - *’ 


fl<EVi mote.. »T t = ( r SlM51<fc^ - co.lo W\Xlo\ V'N ^ 
a (.3-Vo ^ SlN^ 

COO SJrrn ^»So* 4 ^ 

(We. *tO\,«o: F-V^aO 

csR F - »V\ c cj 

"n* ’ ir^Qk,, Movj.. F * >1). M 
—i— or M = pi^'i 

IE ^»'«\.a^‘. N-w\ t *^ t 

y- (.sav^Ho •lo 'T'l 
°* £«.* —^ 

^ C/AiO*,,* a a ASA 

The S'AECTioh OP THE iMPENS'MC* MoTiOM VS 

tovjNWARS 

CVO AMS to 

VvRST o«,s€ THAT For /Am ARRvTRARY VAV.UE CP 
IT is MOT RNOVJM \MH6TWER. tme impems*mG. 
KIvST'OM WIU- B£. OPVMARS or soimmwaas 
T o OJMS.S6.ft &CiTVA POSSvR'UT'ES Poft EACV» 
VAVoE OP CET 

f Wwii CORRE.SPOMS TO IMIPENSIME. Mtfl'OH EoVNMWARS 

C.COMT.MOEh') 


First note .. /T 0 . it 'lo? 

CO Have iust becore A.. iOv« 

I ^ f ^ 

t _ 1 t attF^TflC^ 1 (Nf.Na.'I-V.I 

\ J . V. y TZ7— 

E Oft tfit-*N».Vwt«i* 

SLiS'MG.: F • /J.S.CN* « L 

= O.ISTfitC^T 

- t -IF t a yvia t : -F ^ tynO^ a 

OR -0.2S«\C^* =Wft t 

OR -*^^1 * 

or \a k \*srft«y - 
C.COMTIMUES') 
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12.127 continued 


THE. ORAWNE. OF THe VfVTtM HAVE- 

r*2\sOBs9 

Then .. C~* -12VsSin9i4 

V4S C * -21a( 4 sin 9 + 4 CDS^'l 
Now- OrS r-rfe l « -Z.V»<.6 

« -2V,(.4sim 9* t&'cosb') 

« - 2(. TZ U-X (.isor^svM2» ♦z£vs»'^\osto* \ 
= - Vl.SA.Slo 'V» l 

ant. a & * r4 *2ci •uv,cos9)&*2(.-2\.4sim9'}& 

* iV>(. 6 cosfe - 2©' sim%^ 

* 2 (, x’L ^XtJSo "s'- 'icosto - l(ft "s 1 hmio 1 
. 210. OS 'Vs 1 

*!!d§3££ i ^ „ 

(.O') Wav£.. FpCXYvCHr* rTT^y ot-IL^VSb^V-'^'^sS IV, 

or f r »-wuo iv.-^1 

M4»> F 6 x mo^ i & 'T H - t « tyio.osyV i.cftn iv. 

1,1 s oft. f^'Z.volV, 

Cb'J 

to \ ?e 2-£F r : -Fr ■-O.tosio 

°* &*33&<‘Vfc.A»AV> 
JfU-41 - • * 14.OOCft IV. 

^ ' V *v 1 - :. p - 1 ? 


C* ?«(2.Cfit.l 

v i4.ooce vmio)iv 
* le.es IV, 

.'. P * c. es u, ^ io 
G>-l4 oo iWT^o 


WMt ” r '^ 
t ‘20 S'MiVl i 


Them.. 


cos 1 2ft 


Now.. ra r -*-r9e e 

SO ~HAT AT t-o... ^ 0 - r o e o 

F«.om £*. C'Z.nV r i e»r 0 l 4o 

. r- r ' ^ 

Cs . < V+> tosiS \t 


rM> O, . r «A> ,- c I COSTS \l nS. L .. 

»* -fr * r »»ov I ' cos tfe 


Them., oowmwars*. ^» + Cs»t9e, 

opwaaV. ^ <. O .. not 9orAie.ee. 

O.llSlo M 

The tsvAEC-T'ON OF THE. IMPEMtSvNC, MCSTvON VS 

bOVJNVJARS 

40 e«4S* 

t THM4S,2 2C>vfes 1 M4S m n _ ai ^ 

1+ 2.20 \6> SvN 4S» -tsm +S* ' 

Them -. bOWNweWs■. ^<.o_ mot possvale 
opwaws-. Pl^*0.2'B> 

THE bvR.EC.TVOM OF THE VWPENSinC, MoTovi \S 

GPwaMs 


Naif. When tan9 - 2.20\&svn9 - O 
or 9 - io2.T6,6>* 

ThoS, FOE THVS value OF e> FRvCTvON vS 
NOT NECE.SSA.EV To PEE VENT THE COLLAR FROM 
SLvNvMCx ON THE RJOb. 


Gives)'. * 4 'S , V.* zo in. • 
WHEM %» ZO 

e.zso^ 

Fm«s' . VO-l F r KNS A fw 
% WHSs Vl' to* 

U>*S P AMS 0. W*t« 

Lo, where p IS 
Sot To ct ma vi 
vs sue to X>£ 


GwEM '- CemTRAL foece E ams 

PATH SHONMM', 

r» r */cos29 ' 1 AT i'O, 

aT.^ 0 , e-o, r-s. 

Fin's'. .S r AnS »S^ AS 

FohovomS of ‘G 


Fj f COEEESASMS to iwvPEMSvmC. WVOTVON opvjaes 
I HEN, VNvTH THE TOP SVEN 
CORAtSPcMTHMC. TO F, HAVE .. 


/ jvjN ♦tTF^*o- Noos9 i Fsvm 9 - W t s O 

X%j4 _ Now " 

^ I HEN Ncos9 - )jl,Nsvm%- 'N\ c «^ i O 

c*. M, —pb2!- 

COs9'i^Ls i 'Hb 

ANS F s _ MsWc^ 

COStt i-fXsSiMb 

■^•IP n * Tf\.a n ' Ns.m% » F03S% c wvpj- r svm9 

SoftSTvTvJTvNO. F<A N AN'S F-- 

--f- SlN% 1 --O0s9 » WV, —fo- ■■ 

f.>vlVVlLSIljtv T ...O C _...,A 


OOS%i>V,StM9 COSfeTMs’vNfe 

>E TAM 9 _ jJV-s _ ^ 

V 1)3^TAM 9 4 VtMvTANfe ~ Q.T S.Mfe 


U. - -V Tan 9 ~ arswiiv 


Now UW- ^ VN^ 1 

' t4.&I^Ao^S,Mb = 210 ' e> ^ 
Then -. _ ^ tam& - 2. zovfesiM^ 

' ** 1 + 2. io\& svm9 tan9 


Cbl &»TS 

>As.«i 


TAmT^* - 2.2QV& sinTS 
\ + 2.20\e> Sin is' TAN IS* 


* 2 o.mio 


'HEM Fs 


2T^Sin29 


cos 


^|^COs"2^.L^Svm2% 

CCOWTVUOEC.') 
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12.129 continued 


12.131 continued 


Nofej iS r * f* 




OR *S r ■ Z-*^, Yim 2.9 


12.130 


OR. ^ EOSife 


£>WE.N '. Rw»WS r OF TWC. MOON'b «R«T; 
RAE»viS R OF TlVE. EARTH" THE 
&.CceLERjVt>ON OF CRAY ft Y CJ AT 
TV\E EWTttS FoRFftcE... THE 

EE«'0»»C. t>M£ *C. OF TA£ NVOON 

r ' ^R. Cj.x') 

PvKlS . r KNOVltNC. TRUT X.* XT.’b MXS 


Have .. F * G. fT. Lta. ai.t&l) 

An«> F * f„ * Wl„ * frt /-- 

T«SN ( N ’< 

T z <kn Vi 

or. iJ * r 

Niovj GM * c^R 1 Ga. tvt.Vi') 

bo TWW ^ oR Kj- r(p 

i- mr e.r<~ 

Voa. on£ oREVT _. TL - ~ig~ ' ^ ^ 

, rx 1 R v \'lb 

OR <T» (. ^ Ci.t.V 

NWi .. W.'i ws * Z. 'S>S&"VZ.-mo w s 



- \ZSV SImO* tt 


OR Cs XTj&f'O ww 


12.131 


5>T>R\N<». ItLvft. ANGOLA* MO*WS>4 T«>k\ the. 

i^AFT \s CONY6.RYES>. 

.’. r K t<n ^,v\ * r t w\ vihsrs. t*r K \*r K e. 

T,«m _ c^ , ^(o.^xu.^1 

CR <*V)* S o. AOO® 

Cbl vWre ^«o .’. (AO* s o 

NoVi.. MUtj- «mo^: Tr\(a»' )r 

OR (0*V » — 

o. is to* 

or (.aOc*’ 2 

CO Wave .. ar'^-rfe 1 

N»*-- acotiAVno* * ^ RMS ^t»* ~?7 

FrBN— /VT <b l A<oUMk/m>0% 1 2.40^ ■*■ lOAwv^t. o.Vw ^ 

OR C^osuJVMRtoiO ^ 


1? 13? 

' ' Je ~ GwEN ’. 1 «A^ECtO«y OF THE \oY«RE.R 1 

•bP&CECRAFY F5SCUT VloAN', AT THE 

point of cloyed approach, 

r-. Wwv, FOR 

THE OROoLAA OAElT OF THE MOCN 

Teth-y^, c« i^sno Vw 
*S« W.iSms? w ls 

FjvjYj-. £ FT THF EO\nT OF CL-OSESn 
APPROACH OF NoYFCstR I 


For a orcocar ore<t 




Fo« the oREr? of Iethxs.. \ 

GM * c T /S, 1 ' 

For MoYFfoeR's TRRitcToRy hryC ., 

r - tut eobfc'l 

WUF.RC W * GlSo 




r M 

Gwen- rr>>0.ts U. w> ( 

GoXp O.'b TYS ■ «T Go. 
R E!> ( > 

fe a - \V« S , collar \s 
W NEU.6CV 
FR\CT>ON AN>i XYLwjj 

F>ns *. la^ c»s*^* 

ca*v an*^ 

^COUARlB.ob')* 


Twe.N - X 


G'• ^ 


r a ff~ i 

GN-\ * * 
v fe.Yv\ 

h.w\ 



( ZLO^k. \t 

V U.-iS tw /s / ~ 


OR C.-I.KT 


Firm note.. Fv* 5 -r} 

^.t P>- tP^?V= Lml.RS-Ci.A’l'm' C L. M 


AiFTER TRE Cor*> x*» rot, TrtE ONLY H0R'4»NT>SV_ 
force. actinCj, on tf(= collar, ft we ~o twe. 

Ccovrn«K>Eb\ 
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GsW£iJ-. wy* 2o ny*toVq, 

<v\ t r z. l*o, *sso- 4 

/AlO 

FlMt> •• CXft, »WT> Ok^ FOR, 

|*»0 OVhC. a./A.*0.0\ 
WHILE 0.^->O NOS 
tx/x. * CM viM'vf. o^so 


CLLlR^lC A.NS CMRCoiA*. 
oARits of rut maotilc. 
CouJM«Wfc MSOOl TlMt. 

ewnw 


First note.. R-VlioO »n> » 2o. e ><s66»io Vt 

f h » IVIloO A Lo'lWli « ko0Ow\v*iV.\1O*Mi‘ 11 
T,, > C VltaC)* vs.o') »i * 4>\0 wvUi\.TOc£>»i«s' VI 
CoA The ?ea.iot>ic th-'ie x of am euaRtvc. cR&n vs 

t* leo.ta.^3 

.1 A ^ TVCk.\> 

• • 1.M, = Z L * 

kMos. Ov* z.C i '' , io*ici * li.ioc&nc^ VI 

= 2.l.M o4»vo v * VI 

b» c fc ■*• ^ ^l\. \ZOa\o* VtX^V'ico&Mc^ 

* Z\. 4o64mo w VI 

Feoivv THE. SOLOTVON To T*V>ELEM \2. \Oi, UANt FOR 

the elurtvc. cAftn.. 

-V. * x „ 24 !n 


Rvxrt^. THE inclines 


t<IN€T\C.S 


wycy: T-V) t —w^a, 

OR, T = YTyAV &0 


WcO-c 


So thilt 


"V<^v 


•nUl.AiQAMo* you I Aoe AMo'Vt') 


FlNALLY 


"^/LFj, * TYX^Ov ! 's.s * smlo - T^a k)K - t'\a*CQsV> 
on T- ^* iocj s»aVs = \o - \oa*cosvs‘ CV) 
v/LF^’ * tWaflU^ •• Nss - VJ* ccfi>3o * - T^OySiNSo 

OR NJfcb ■« lO^COSio- vOO*. Sin'S? CA> 

SlisinCM F^ ' fx N*,*. 

OR F^* lOyu.<.qa>s5o-CVSiNV>') CS'l 

t>o8fCTiTOTiMC» E*s. CO ANS 1&) into E*. C&1— 
M^-a^+CyoosVo'y- \Cy 1 _V,stos'Jo-(V SikSo)>\C^sinVs 
* ioa^. \oa*cosso 

OR <j((-S f *.tosVTA©S| N 'io) 

=. U 0^ /K - a K C^/A SIN 3o-vlo CSSS "So) U») 

Note'. Block Ai will not move COy»o) before 

Blocks E> I\MS C WILL NCJT MVSVE 

Therefore, the system will remain at 
rest when 

Cl-S/XCOSSO A■bSiNlo 1*0 

or ulO, 6ofe FoR no motion 


[.Eo.02.avA 

ITT Ul ~K>OQ»io‘ vtV 1 
CZo.'Aobe.'-i'i Vt) U2.2 1 


"VQ* 


SinV> - F k - F^coslo = TYV N a*. 
NVj^ C Sin So - ^.cosSo V Sv » 20 Q-x 
CCjontinoESN 
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12.Cl continued 


0 : N* - cos Vs - C^j sinV s - VJ*. * O 

oft. N,. » N**(.cos'So->/li.sinVo')t 20<} 


<.eo 


SLISINE'. * >jlNU 


Oft. F^s V (.4) 

Vo%s»titutinc» 6k. 0^ 'Nio 6a. L"vV. 

NJta(.siNV3-/xcof»Vo) -^N, A LPosVs..j uk .siNV<s')-Z-0^ 

= iocv 

or. N^Iu-^IsinIo- Ru-cosBo 1 - 2 Dm.<^ - 2.00*, 
SoWSTitOTinCs por L6a. LAT - ).. 

Oo^cosio - \ocyvviV? )\.C »->»?') vkiVS- IhcosVo ^ 

- ' io (V 

Let A » X v-/^ 1 sinVo - 2-jji.cosVo 

Them.. q (.Acoslo -L^jS) » (.2* AsiNVfta* 

OR O , - *~AS a (.ioi* 

^ 2.1- KsirvSo ^ 

Mote ; %loo<, (v, \nvu. REma>kv at rest inhejw 

(^(AcqsVo - if*.} * O 

oa. ^Iv-/uMsip»'!>o - IjacoWs \cosVo-'tyx =o 
or (, ivKjioo)^ 1 * 2C\*cas l So ii»Mi.o **0 
dr jw. 1 O. \Z.\ ©>©> For rlock. N to hemvein 

AT REST 

Ua\N.. REvjRvte to. CvT as 
o^ K s t> * 51 ^ cos Vo * ^ s.n ■so*) 

* o.^v.Sjasin'So*.* Vo cosVsJ' ")\ ov) 
WHICH REbviCES TO 

0,^1 q /<o (, V- ^»p.c.os3cs * S smVi ) L'^1 

WHEN o*, « O 

OolUMi OP PROERAMV 

TnPoT \n.i~\AE VALUE OF JJV- H.* O 
Convpuie A. • A = V.I-/A*')'SinVs‘- 2jaC«SSVO* 
CowxVOTP 0*,’- „ l\ COS 2.0 - ip- „ 

L-V Um^ q 

While a*. > o 

Compote Oba ; 

Cv*^ * tX °^V- ^>)jl oasVss s s.n ) 

+ Q#,CSu.Sin3o-*' oCosVs'A 
TLo-tr the values op p., a N , anjs 0*4 K 
Opwk p.- o.ov 

INCREASE fx TO THE NEW TENTH'. 

p. - \o\. vnTEEER value (,\o^-')l T Ci. \ 

Compote. CXev^; 

O^ = G ^ - S>k«lS30 * 5 iiKl V? ) 

While a %(K ■> o 

TkiNT THE VALUES OP JX KK't, a*;* 

Opcrcte )x: )x-^x* Ck.t 


12.C1 continued 


FtLCWANi output 


ft 

o.oo 

0.01 

0.02 

0.03 

0.04 

o.os 

0.06 

0.07 

o.oe 

0.09 

0.10 

0.11 

0.12 


accel. oC A, 
1.808 
1.742 
1.594 
1.445 
1.295 
1.143 
0.989 
0.833 
0.676 
0.518 
0.357 
0.195 
0.031 


m/s* 


accel 


of B wrc A, 
7.358 
7.167 
6.975 
6.780 
6.502 
6.382 
6.179 
5.973 
5.764 
5.5S3 
5.339 
5.122 
4.901 


m/s* 


Por chose 

values of ji 

li 

accel. of B i 

0.20 

4.307 

0.30 

3.599 

0.40 

2.891 

0.50 

2.183 

0.60 

1.475 

0.70 

0.767 

0.80 

0.059 


for which Che wedge is at rest 
wrt A. m/s 1 


12.C2 



Given ’ VJ * l 'S, iJ: 'O s \ 

OS S 0.4 

F |N*> ■■ ‘d RT VIH'CK TRE ausx. 
VJtRVES the soRPKCE, 
fX ~ 0,0 OS, O VO, 


V 

04 


noQ^ 


/Wi_TVS 

VI,Q VWO,,’. Vjoas©- M » ^ f t 

OP N= XVT^COS^- jj ^ 
SDbiNC.’ f S ^ W N ji. 

.^xw^wsft- jO 

Ml - vv '-'’ '"''O'v ‘ ^ * w«t 

or. a^« (^sinB- ^,6 t 

SofcMTlTOTlNC. POR F.. CX^s <jlSIN^-^L k CX>sftV P’R > |’ 
filovj.. 0^_ ^ .. j^- qtsiN^-^b t ') 



A.V.SO-. .5 ' T© tjp p * r 


C2-N 


Twos, OlPPERENTiiM. EOoftTvONS O'V RNb l.R'V 
bET'WE THE MOTION CP THE ^ECCX.. 

As THE BUXK L.EAVES THE SoBpAtE., M-=>0. 

Twos, qtosfe- *p « O 

bEPiNES THE VRV-UE OP b AT WW'CH THE 
5ACCKS OERVES THE SoRFAtE 


CODHXlNOE'l'V 


Qov one op pro&ram 
For each value op / x ^ 

OEPiNt the VNiTiRt VALUES OF *3" RNb 8 
Use twe mospiES Evler metmos (see the 
lounicN to TfeoBLEM U. O') vanw a step 

(. CONTINUES) 
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12.C2 continued 


b'iE ai' O.Ol S TO N>0N1E«\CALLY 
INTEGRATE THE EOOAT\OM% 

* <^s<«nfe-ji*ps>s©1-*>v'p 

vjuerE f » S %\.. t 

CowpvjTe isl, iw M* - . N, - covfe, - _ t 

M|_ * con 6,.- 

\wv*£RE ©, ANA kT k ARE the VALUES OP 0 
ana the velocity, aespectnely, at the 

PjECalNNtNC, OP A THHE INTE«VA\. ( ANh 
fe t M>)<) aT l ISRJE THE. VtAUJES iVT THE 
ENS OP THE TIME INTERVAL. 

Ip ■> o, ornate j Ajob $•. J, * \ fe, = fe t 

If N r <■ O, ose uuew initerpouatxon to 

b€TEA.NI\NE THE VALUE. OP ^ AT VJHXCU 
?VHHT THE. VW-OES OP y. ANS fe 



-1_I Give>w <!>lccx op mkvi fr\ ans 

HflMfl iPftlMC OP CONSTANT k 

AT t-o, iS «0 ANS THE 

_.j sw.'ne vs horucntae 

NWS ON-STRETCHES 
PvHV - (,0c) r KWh «J WREN THE 
BLCCX. PASSES OW*>E« 
THE. >tVOT O 
CV>^ ’Y’rtl WHEN T 0 - ' TT\ 
Vo THICT £ -*■ WHEN 
THE E.LCCX PASSES 
OubEft. 0 


A.NALYSVS 

°r^- 


FlRYT NOTE.. r - •i T.Vm'* 

cosfe « * vtwfe • ft 


-^-Lf^-TTyO^; - f^p Cosfe « YYMX^ 

_ / ""s _ DR Ofc.- ^(.r-ro'tcovfe 

sy " n7^ or 


♦iEkj 1 vy\Ov,: VJ - P*. sin fe * tool, 

or a^t Qj- ^lc-c tt y*Hnfe 


tCOHTvVJUt^ 


12.C3 continued 

— ■ ■ — — - i — 

fcuvo.. JE * (.S') ^ cM 

~HEO£FOR£ > SlfCeRENTTiAL EQUATIONS CO* CAb t>EP.NE 
THE. MCnvOR OP THE . MASS. 

Now .. <5 * \«S^ l » A, 1 anS • TAN 

DEPinE THE M6R.N>TohE NWS SxRECTVON, RESPECTWEn, 

Op TUE VELOCITY. 


Input value cp 'Vwi 

In<»VT ONVtRETCHES LENGTH OP THE STRING f 0 
Iwv>OT stvtem OP units 
" bEPlNE THE INITIAL CONhNT\ONV- 

\« r o, 'i,-o •, (.or*\*o, <.*J’v,') l '0 
OiE THE MobiP'BS EoueR MiETHOh EvEE THE 
VCX.VJHON TO VroCREM IV. Cb") VJlTH tt. STEP 
VtE at - O. OC\ S TO NOMER.XCAU.T 

inteerrte the eosWHONV 

at 1 m ‘i- 

dT t 

<51- ^ 

VJhew X,">0 KNh IV^PO 

Cok-iTNjtE p, KNh r t : p, - \ r v * 

Compote -S, **Jh Cs, . 

a TKn' 

OoNxPvAE tS-L ONh ■Jl' 

tH* T ^' TT^ 

1 t*sVk 

WHERE ( \ KHh V. \ tiEHOTE VKLuES (ST 
THE BE^NN.hQ, KNh ENh REiPECTWELY, CP 
A TIME INTERVAL. 

Oi€ UNEAR iNTERRaCACT'OM TO CCTERMiimE THE 
values op r, »y ( ams few at y.*o-. 

r * r > + -T^T ( - r ’-- r *' > 

AT* 5,+ 

few * V6w\ ♦ Cfe tf \1 

fton THE VALUES OP ^»n, T 01 T, ANh fej 


Vab k/m - is.oo /»• 

Unstretched length of the spring - l m 

XI « 0.001 m X2 - -.002 m 
r - 2.765 m 
v - 2.740 m/s 

Angle v forms with the horizontal ■ -6.19* 


k/m - 20.00 /s* 

Unstretched length of the spring - 1 m 

XI - 0.001 m X2 - -.002 m 
r - 2.372 m 
v • 2.983 m/s 

Angle v forms with the horizontal - 0.93* 

(.CONTI MOeM 
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12.C3 continued 


12.C4 continued 


k/m • 25.00 /•• 

Unstretched length of the spring • 1 m 

XI • 0.000 m X2 » •.003 m 
r - 2.121 ra 
v • 3.195 tn/e 

Angle v forms with the horizontal - 4.62* 

tW) k/m . i9.il /,* 

Unstretched length of the spring aim 

XI - 0.003 m X2 - -.000 m 
r - 2.428 m 
v » 2.941 m/a 

Angle v forms with the horizontal - -0.00* 


— TrtEN- F * VJ( CO!. & ) 


AnS.. NJ . VJ(cosfc - SinB') 


Have.. F=/k»M . «. 

THEN- VHsinB *■ ^ FOS^ */L%- Wlcosb - Swfc) 

cR [ <*^ vn& * - S sin^co.^] 

» 6.'\S[L<}cos&-ib l 0'3-SyN&}VNft\ i\) 

Case Z. - The busol is restnC. (HiojKiST the cxnt.it 

OP TV4€ SLOT \ ^OVJKJVjAk^S ^CSTn^M 

N/.0 

♦tIP 1 -0 - - FsinB - Ncosfe- W - O 
\ < x^ VX y * i tF n «rv\a r ,: FcosVMSihB - ^ 

'B Tien.. p. VKsinB-v ‘£|cosB') 

Ah»> .. Ki * V/ (• cosfe * sin&^ 

Wave.. F’/HiN 

lEDvtrmot^ 


»• L » ^ 

'h€n- VJ(.SinB* ,|S cos&'l • ^ SIN&) 

OR. VVSsiN&^ CDS®) 

s O.SS[- le^cU.® * i l (, VS- SSlN fe - ) SiN®) lO 

Case V . The acocx. \s resting kcmw.t the ootea 

So*F*C.E OP THE SLOT', DOWNWNB. MOTION IS 

impending C^o’liScT') 


♦tUF i o ; Fcoea •‘•vJsina • VJ * O 



PinalysiS 

P\RST NOTE., p- fe(2»o-l© StN^Kt m tAn-Ssi*®) Vt 

~HEN CX„= (.V) 

Now CONSUMER THE FOLLOWING FOoR CASES. 

Case > ’• The bloc*. is resting oh the inner 
SoRFACE. OF THE SLOT', DOWNWARD MOTION 
IS IMPENNNG. CCiSfes^O*) 

M.-& »1JF^ - o: F ■* N oosB - Vl * O t 


\/n Nr>a ; /-^LF n -w\<V -Fsinca-Nci^p'. -- ^ i l 
fX)^" °i ^Theh.. F» Wtcosoi - 5 * s.-hcs') 

ANV. NJ * VJ » ^5& COSaS 

Wave .. F * /wM t 

Then.. VJtcosc*.- 5 ft ‘“'naV/Jis.VJCsina* ^ casx'l 

Mow btsfe-^0 jt 

So 8 stitdtinG.. [<xa&-Ro Vao‘>'Nl.fe- < *o'>l . 

OR ( S>N& * Ip FOS^') -/V,Hosfe - ^ S.H B') 

>MWW \S i&ENT\CA.L to the isEFVMiHG EOoATnOM 
OF Case 2. 

Case 4 '• The ecolk is eestkoc. agawst the <»jte». 

SoHJFACE OF THE SLOT, OPWAWs MOTON 'S 
IMPFMbivKS (.F)o"i feS !fec.") 


♦f^F^O'- -Fcosa* Ms'na- V.1-- O v 
t tnOr,'- tsiHA* Mcoscn* ^ 
P - WC-FOSO.* ^ SttHP.') 

ANS.. isji VJ (.SlHA * (.SiA) 


Wave— F»/a*M 

Then.. VJC-fosa* ^ s«naV>Xs* W(.s>na-* 

Novh &•%* ^t. 

So^stitotihE- VcaslBJ^T* ^ 

oE Ps<nB- ^ cjssBV /i k (-cosfe‘ ^ sih^") 

WHICH i-b THE SAME as THE 1iEC>N'NE EO.'OAT'ON 
of Case \ after imolt\»>lvinE eoth shses of 
THE EOoATion &y -\ . 

It \s next hecessarx to solve Pos. aha 
CZ') for fe. Each of these eiSmations can 

BE EXPRESSES AS U©\ ANb THEN THE 
VALDES OF & FOR VJUW O CAN «E 

DETERMINES. Vj4st>toTinC FoR q (,SE L <t /s 1 ') 

AnS THEN SltviPLlFV'NC. F«N<S-- 

* Cwn v.Z-\5<t> l Xosfe- 'l.A.SE-j>V\AVl^VN^ 

+ \ TSC(>''SlN l fe+Z.Si> l S'Nl& 

- - (,(»1.<oZ*\s* :t Vos%+ (A.F.S^-vAZ.l') vnfe 
- LIEc^sinH U.si l siNl% 

McTTE’. PoR THOSE VALDES of fe FOR WHICH THE BLCOC 
IS AT REST with respect To THE PLATE, 

'•max - p 

WHERE N ANC. P ARE GWEN A&OVE FOR 
EACH OF THE CASES friLSO, - F- 

(. CONTi NOES') 



12.C4 continued 

QuTUME QC VROERAM 
T-MPUT VAoJt OP 4> 

Coms»ser Cases i ans 4 

For values op ft f(tov\ O to \"W* in 

isiC.RE.VI6.MTS OP \° 

CoMPUIE 4, •• 

4,lftV <.sn.wz-\i$> laasft- 

* \.is^W'6 * i.s4> l v»ii% 
Compote 4,tft*»*l 

Compote 4,^ • 4,10*'*1 to SETERmimE 
>F A «.OCfr ue» BETWEEN ft ANS 
(.ftM*! 

If 4,iftV4,(.&-**1*0, solve Vifeb for 

& OVMG, Mew Ton's METROS (.SEE 

"ME SOLUTION TO t’roEEEM W.CA') 

Tfe'vfl TOE VALUE OP ’fe> ttocfT (SMS 

wretrer F M)sx - F at ft vs 

* OR 40 

ConSioer Cases Z. anS 2> 

For values op ft from O to n<4* in 
increments op 
Compote 4 t CftV. 

4 X ®>N * - uaC4.4S**-eiiWft 

- vts cj> 1 SiN*ft t i.S<fc l S\M ife 

Compote 
Compute 4- t >©'> « 

If 4 v (.%b*4 v tftM*1 4 0, solve 4 1 i&') for 
ft OS ME Mewtom's metros 

*v4riNT TRE value OF few** AlS 


12.C5 


CaVVEM '- Ivvo POINTS OH THE TRAOEETORV CP 
A SPACECRAFT : 0, AMS W Tj 
AMS THE RANAL bvSTAMCC TO AMS 
THE VELEOTT AT THE APoftfiE OR 
THE PERViEt 

4>NV . UME t FOR THE •SPACECRAFT TO 
TRAVEL EETVJEOR THE POIMTS 
lOT ft ansC. OF Woe \i.WS • 
kT & = 8»A4 ^ 

C\>1 4> ams ft of >4«>e. \l.vr\; 
*S(h. « 24,Y»\ ^ 


SMALTSVS 

Wave .. r a C' ♦ fc cas.ft') L Ea. OtTft’ll 

WREBE ^- r KA*«t ^fCC** ' ^PSAHPS *Sp«l«m. * *4» 

^awssee * '0° ftptw&es. * O 

ft*' m ft*! sw 'i "1 m« mcw n 1^ r »p« ,w 


whether 

1 OR i Ci 


Sh*A - ^ AT ft 'S 


TR6M.. r w - 7^- Cufe^ 

N [ rjkjp )3|gp y 

°* t * 5 £ S ' l ( a ^« L.' , l 

Thus, the eccentavcaty of the thaoecvofpv 

CAM B.E OETERMlKieS. 

From pnsE lo^ft of tre text have.. 

ct^> x L 

5T = 

where H \s a constant. Them.. 

*-*£-“ /y 

VMRERE d ^= x^'W.Ed©') 


(0.1 Rate of rotation - 2 rad/s 

At 0 - 4*. P(max) - F >» 0 

0(1) - 4.68* 

At 0 - 148®, F(raax) - F -< 0 
0(1) - 140.57 


Cb} Rate of rotation - 14 rad/a 

At 0 - 115®, F(max) - F >- 0 
0(4) - 115.91 

At O - 77®, F(max) - F -< 0 

0(2) - 77.63® 


*km'. Im the above. output . the i im 

S Li'' tGNcnES THE CASE FOR VJHVCR MCTVOM 
vS WiPEMSiMtk 
CO 


OR. aA - if l R& '^'a 

ans i. = 4»Zr l 6.S 

WHERE C vs C.WSN EX Ea. 


Ser value of sft: sft»0.04 
Input omvts anS constants 

1mPUT WHETHER VALUES ARE. KNOWN AT the 

apogee or the pewcee 
Set value of ■. * o l per\see\ 

fe/vp « \feo* l APOtEEb 

Imput the instance to ams the vEloott 
> 3^, ecv THE ASOSEE or THE PERUKE 
1MPUT the VALUE OP F« THE ClRVS PCJVMT 

OM THE TRAiEC.TOPX 

Input whether the secoms Howt on the. 
TRAOECvOPV VS tECvHES «T TRE VALUE CF 
CCase 0 or ex tre value op the. 
RAtxAL OVSTAMCE *\ CCavE 2.") 

Input Mjyjcvw 

Compute the eccemtrkvty C. of the. 

traubltlrx: l 


CCu^TMUES^ 
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12.C5 continued 

Case \: 

Input the vmo£ of 
lc , set c,b*-tib 

foR V A. Lots OP b F«C#*\ 6, To BflA IN 

INCREMENTS OF <\b 

OpOdRE tiREA t 

***- Tr [ L ^ Sr (Htc ~ w V 

CdniPutE Time t. ‘ "t-r—-? 

r Nf* a »» 

Print the valors of ^s>, m *>1 

Case 2 '• 

Input -me value of r t 

S»et tw£ initial valor op b- 

VJhile r •> r r if r.sr^ or while f«.c x ' c 

^(Wvte r» r.j 

Owmcte area IV Av-N-v^r 1 ^ 

OPtaATR 

CowiPOTR TiMt \ '• \_ - cv/TS^p 

Print the values of r^ij^ c l% ANot 


The radial distance to and the velocity at the apogee are, 
respectively, 3600 km and .8694 km/s 
81 - 180* 82 . 290* 

Time t - 1 h 18 min 29 a 


The radial distance to and the velocity at the apogee are, 
respectively, 4310 mi and 24371 ft/s 
81 • 180* r2 - 4035 mi 

Time t - 0 h 33 min 30 s 
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1 3.1 OWEN , hum OP S(H€U-IT( ( kv>= isoo k J 

■»PC*t Of 5 PT»lXlT«', VS. IZ/llUO^-JcHl/k 

Pmn : tiweric euet6V,r 


T»-L w>o*- ^ (.itoo kj1U-3<.*io S Hi/6l*- 
T» 30.337 x 10 '' H-»w 
notc: ncc»ijekfTiov) or «, **. u >t y 

h»* Mo 6ff«rcr on rne fuss T= io.3 6J - 
_or thi? * k t<jm. it e- 


-J3.2 wevfcHr op spTeitinr, w= >to tb 

- SPeeo orSfreiuTf^an^ooki/h 

Final t|UO?Ttc evj(TB. fc y 


w; (iXSOQ Vi/itoo S 'll Tito Vt/toiO 

*>= 15,133 ft/3 

mass op 3 freLi.iTe=.^ 7 oibV^ 7.7 -ft/sO 
m = 17.01 <? ib s l /f+. 

T=» 4-^v 1 - 

T = A>s hos’kio' Ib f4 

b)oT6: PCO*«.eepTIO*0 Of dtpUITV HAl 

00 erretT onths hpi»s op tire 


-SkTtci-iTe 


T — 4-S4.XI0 ik ff 


^0 0 I : we\4«T of iiodf W* Plk 

- . ° ) yeiocirv Of STauf Mo *ottl* 

Pc<.«ri.c*vnoM of <-e.soiV( oume 

Woon,a«»F5-.3> tt/i* 
F‘ Mt>: la> Hiwptic eutrq.t.t.T 

HBIC.MT h , FtOM WHICH STOU6 
u-ps ottoFp^a 
tel T HMD b 00 TH6 MOON 


(.a'l OH rwe epgTn x 

T» 44fe.S4 

t« qqi it-W- M 
T,+a,^.=T x T,= o U.-^VOli-lyitoKt.'l ,T»«W tt.<4 
telb“Tx. W= yib s qq 4 -tv 

447 Ibft 

vx-^IA-K M 

lb) OMTHg VVQOU 

PIP** 15 UHCHMfcCk. 

thw* x oucHAMiieb T« 4q71ktV 
weianT ouT«e hoow is-. W„-->vi<u.-» lS-ib7 Isvjitv/sO 

“ (5s.lfrij>) 

Wwi* 0.4x45- te 

=C4Vnbfi) _ ton ft 
lo,»iwrib') 
hn,= loOSft ◄ 


13.4 continued | wt pnoWomthc moow _ 


(07 OWTHg CP&TH 

T= </*■ = 1 14 II'750 U-m 

T— »X5o T 

VM-Wv^=.l4ft.jKq,4l r ' f '/s v 1 — 34,140 N 
T.tU.-s.-TV T,= O O.-v'Wh TL-34.XHOK) 
Vl= Ts „ 111 50 M- _ 31.455-IM 
v7 Q4.s4oW) 

W= 3i.q W> 

lb) an rHg wool) 

MUSS I* UMCHkUtfb. Ms H Ij 

THUS T isOMcMMJOrO t=ixsoT. 

WCIOHT og 7r1« NOON '5,00,^= Hiq„=l4Vj)l.'.b3'M/bO 

Wt* = (,,44 u 

V\^±_ =. Q t-sq m -W>- i<n-,q IV, 

VOv* («o.4» 4>> 

u«=iqj.4*H 


13.5 blveN: oii-tPHce d= iso ho 

— q s =o.->y, wo auippiw«. 

loO */» OP W«I*HT (HI Flout luMEtsC*, 

qa'/o oPuh»i*«T ou #j£»-(L wHeP-c* 
Fiwt; hmhhum r«e» 0 € 7 icpi- steeb «rr 

1X0 HI •STPQ.TIW6 Flon ke*r 

lo) ton. paoWT vnnee-i. »i«e 
lto) Full. £e*ft WHPft- OBn/tr 


13.5 I 


13.4 I M4»» OF ITouff, vt>- 4 (k| 

-1-1 Velocity op sroue^ = -3.5 no & 

|(ctforio.no k‘ OF fttMiTY 

«M THe hooW^^Ji.blk^ 1 

FiHt»; 

(al toiwvTic ewe*.<wv > T 

nric hT (n ^fiom which r*ve -srowr 

bops oooppeo 


Siuce <.0 7o OF wiiCMt is 0i*TttitoonFft OO FtoouT 
wnPtLixMe hpximoh Foace ro ho»« thit c * u . 
II F= Xts KJ SF l0.7S')C*-<-'W)u 0.450 v*\^ 

Foe. 1-3.0 no U,.^ lo.MTO HI Jltlso w>) =. 54 Ou « 

T,= o 

T, + 

O + S4lrw>^=. Dt. 

<u^-=l o)C54 »(io«iiati vh/s'-') 

*J?= 1054.5 

0)= 31.55 toils 

*Jj = - 1 17 1 Iim/Is 


use i»"e souutiou k* Foe Isl txceM t**>r 
40*/o luncH-r 1 * toivraittoren tou tai uoMsenS 
F» i(jM= <.a.75K«'4o W)= 0.1 vm^ 

Fod iso *« lAi-v= lo.iwi^) Iuohi)= 3 «>i«j 

T,* o 

a + Ik tol J ^ WiOi. 

4)^*s 1X7(34 V^N = t»x7l4.Sltol/sO = lot. IX 

AT^s 34 TS W-ll 

A> a = 45.7 A-Hi/ls 

KJoTg; -j-hc cai is TirsTeo P* p PAlTiCue iv> rmi 

PnoOUrM.rHE WtfltHT SlSTBiaoriOW 15 A&SOMHO 
TO Be" THf snnf Fo* swvric Puli toVMFMie. 
uuoithuj. aoHppqe with *phkf piunrH 
Ik.1 HHCie 7H5 Wmtnr vk tkirMnrt 
Qtcic. oosy. 
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13.7 continued 


o ft ; r»»f4ee fkUTnc is ow th 6 ae*a 

WHC6LS *i*»ch stto, poa.ce novim* 

1% 

F “^k. M= OH t HWl 

i(3fc v*c/fcV.?8 f 

'Ufc.cr 1 «.« Ft/s 

Tj.«- -L *VV'0£ > “ ^(«.» 

u,- *=(p Kuo » Oj^CwMto f 

Ti + Uuv»Tv 
0 4 W^WsJMMUW') 

»„ » Qa*^') =r 0.12149 

^ -CCo^Svil 


Foa iy*o 


FoQ_<L€ houi M6 Ttt-e C*tt- 


PoQ. F<«i*T <«,of + , F,»(f( t UVj)=(p.T>l4^W 
B>ft lUIMMMNfc IX-fcO-tt^ WITH TSto OP U>*I4**T 
ou Bess. Cttewel >-*» ►uo iMUt-woiNC suomc 

F a » iMOlO.irlW ^fto.volst.liiftftlito-tm 

Ft= o.fcifaR ^ s = o.8 0 i*fc 

T,= o Tv^t^ioV** 

ll.-s~ Ct^+Ktruoftl 

-= Oj.tz i44>Cv2i (i o-ftl 4(o.4.ifc4 lew 11 n.fco 4i> 

— 43.24 VJ 4 8S2.J W s 84S.STW 

Ti t U,-v*Tt. 

04 8ftE.SSW~A 5 $J H^tko ) 

0g'jC® < t«^S^-t2U322ft/* t ](8 < )3'.S‘S'') 
^0« =57 > 7a O isao =a4ox^/s 
See wore pot piu.b it.j «i,.. 0 =- Ifcl.lrvu/h 


liWtn : 4eow Ocas t»cenk«..c.).t irun Foom ftevr 

FltuT vi>«e*U* OFF TtH? MOUND kuD fteAft IkJHeVUS 
SfcID Foe- FlftST Mw\. 

barterC» (MUU KITH »u».UO iWVenOING Fan. 

HEMFiMiua 3So *>a ( vjiTH so*/» of rne 

W«l4MT ONTltf fttTAa. Oft.we U»H«t% 

Pf»t st>«re--& at ewo of 4<*c baci? = xio4.w«/ln 


(<k1 to£FF\CievjT OF STATIC Fft.lCTtOU,jL{s 
(bl spetro attws ewo oftof Ftfttr to mr> 


(ft-l Fat.ce HOOiMfeTMe CAft FOft.TWSFlft.4T aOM,«nt 

p>uu or ri+e weic-nr on tuf bftiYt? whst?us 

UNO TUF WHPfti SHOOlWt, 

2^=. 0 IS l\y F, * ‘‘{it N * H (L W = (° ' IS ^ 

F6B.ce Hooitjt rtte cmi por. ReviAiRiMfr- 3ft® im 
With so 7* PFtHtujeistfT of tne fteAs.tPS.itiO 
vuRteLS Out) SLlPPlklC IHPeUOuoa. (COUTIUUEb) 


<,|UEN : istof* OUl tKC TOkct^kl VtAftTt FftoM Itor 

tku'r hout utieeio orf tm 6 (touot toft. Pikst soft 
lkJH«?£tS Roll VJlTHOOT SUPPING Foft- R6MAlW**»fr 
iz&oft witw ba Vo of vueiftHT ow Scar. wnmj 

0.60 , 2|jS 0.9 f, MO Alft Oft ftOLUklO IfSIlTAuLF 
Fik> 6: ICO t,t>«et> OFTHF CFt. at euo oF FIRST faoFf 
lb)n».»moM THfOfteT«Au speeo at fiuism ime 

(as Fic-sT too Ft : eeftft wueeLS sue to sewetMe me 
hmihuh Foftce. Since put tmF pSicmT >S 
OWTrie eeAt UJHlrFl-S this F0ft.ce is-. 

F- -9ft ^ 

T^o TV-i^-O* 

Foe Fiesr feo-Ft 

Ui-i^^F 2 UoP+1 =.(p.t,twXfco1 * 2 «. W 

T,t U,. V =T^ 

2.fcW=4- S ^' J <!o 
M lo= a3l ‘»- 4 - 

0(, 0 - 4ft.iS-.fVs 

AT fco =.32.« mt/w ^ 
(b2 Foe isco 9V fteAft wHOfts otm Foe fis.it wstt 
ANtt ll>tt WITH ftulftlMC IM »e-kl6lM4. Foe SenMWlU<S 
b"2«,oP + with uo Vo of thC weeMT owthF 
EeAeCDeiuFl Wl+eeus. THe H AXIHOM poecs 
&irn«rft.AT eft rs: 

FlftST coft 'f, =. C-6Kin2 AS nol41 
etfMMuiWc. iisoft Fa — 2 (oN= (.O.ftFHo.boll.w2 = O-ElO W 
f| - ° 4. ^ ^ISTO 


U,. v =. c.fc2twU(.o')+Cs-io2(w1ixfcO 

= 4 (oU42w = fc. 18 .fa w 

O 4 fcT*.C.W»4_^ ^ISIO 

^>0= 4,1 0 '*- 

n U T 0 J aoft.os-Pt/s 

Iftl-S Hit (In 

< 5 » e WOTe Foft ?S06 13 .S’ FOIL OlSCUSSlOO OF 
IWEIOMT DlSTtlSOTION 


Given-, use Vt- dsao- bacs TftAct t f» E stasts f»dh »e*r 
c»is’ FtooT utHtetft OFF the UIOOUD Atu 0 tF»t 

toweets (tit Foe FitsT fco-ft 
steeo at ewo of FiftsT go fi is 3fc imt/h . 
UJHee-LS tout, iuitm scippmo lM»eu»iufc 
Foe Kt’NOluiKIC ixfco ft,luiTH TS°/o «F 
T«e wtfi&riT on ftei\e < .st">e2'* J Meeu&. 
cH*o.»oc(» 

Wo Me oft ftouLiufc teSlSTAOt-6" 












13.8 continued 

F*« lO.goMW)« d* (o *o> 

t fo o^4^o ^ H‘- fi gg’Vfe 600 {^ 

°4po= 7an*./a 

r i = 1 ^ “ TL W 1VS WS 

Ui-v = F, (.Jowl'S t F j .(3»o*"') 

Ut-v^sS<.7r)Uiij UowSrUfcH.So'iwi^ljeoS 
Ui--l® IS ^ s *wq t 104-^5 wo = 'iiq ^ 5 . 

T, t Ut-x — Ti 
ot 1i9ji^wiq= 7-9ij.s*v\ 

*^ s « ^»'vsi/t3\qu^0 m o.%s%7 

q s = o.?<iq ^ 

(b) Foe FiesT 10 m 

>H*.-lo.nsMde'S®- 0,tT4l 
Fi= Ctt*,miHwa'> 

Vc> V^aJ^ 

Ui-x = 16.(.74 l N l(w^'|(.'LO W''! *S 13.M? | *viq 
<3 -t-((3.‘t«iXW4't» 


13.10 


I ) l>i 4 7 » %. W> 

/0^= C»3(»>.a*0 iq.«i')=-'ii4.S‘ 
"J*o = **»•*<» <m/« 


see uoTe Foe Pra.s 


<o,„= s-e.fctw/h 


6IV6H - v»TC=d 

Ha= 0-12 

C ikin -. 

14) Initial \r AT A 
(.b) V US PACKA4I? 

Keme ns to A 


6 lv>£V); xr at #»>= 8 ■»>/£ / 

q k « 0 )2. 

find: 

<A)0lSTAV4Ce d 

VACeA&C Houcs OP 
the plane 

(b) VCLOCITV U A< 

as PAcitAfre eerutu^ 


THt Pont FtoMATOB 
T*=iv«<V-=i'£l8WsS'-= 37^ T a = O 
U A _ fc -(-WtmiS>»-FS<l F = M*N =O.I7_Ki 

\ 2. F = Cl *4-»)C®s IS° = o K) m bJC09 IS"° 

(JU- a = -WUl»lF<- 0.IVCO5lS*Sd = -W<H6.3747'S 

Ta + Ua.^To Tt-a. V - wd 10,37433 = O 

d- lvOA9.et'>l.3-H7'l 

A- 8.70 K) 

(b) aevoN th e plamc FBom p. to A IF eeuense* ftm.scnou') 

T ^o d-s.TLWs 

Ub-A= lws>*J is°- P3d= i/Jlsiwis ,, -o.acosis*X8.10“i 

He-* = I.7 9S-VJ 

T» + u».»*t* PFi.iasyj=^^» x 

O k , a ---UiUa.»0U.‘VW') = iss.q 

A>*= 4.94 Ml/S 

/ox»4.4a e*/s / ^ 


CalutfN : at a ( tt*aT % 

Foe A6,Al k *o.40 
AT 6,V» 4 ft/* 
F>Mt>: *** 



' al 3--\ up rue Plmje Peon hoc . lT c *o 

rj vo 

v \ f * H A N U k . c =l-w *>«!*•- p HVo**S 

N \tf « O N-VJeos is* * o 

N » VOCOSIS* 

P = 0.IIWCO&IS* 

*-*A- C = - W lv</y> lS*-%-e>,Tl CO* <S°SllOWl'> 

V u * c“T c ^ ' vJ a 1 '~'aK-sitv if*t o.a co»‘r*Viow»S 

aj ^ s- lo.) W- 6 n is<«11V o. u aos i fSlto *0 
a> a 1- 73 S’ ^ 

(b) Down tm6 Plane faqm ctoA 

Te. = o T A = ^ ^ O* Ue.*=(W*iti>S‘-F)lO 

CFBcoenses bilea>o *0") 

Tct-U t . A =T* O -v w (*iw |«*-O.IXCOSIS* Is 0 **}-^*** 3 * 

u* 1 six'! (9.81115110 iy®-o.acosis°')iiowi'i 


«•«*< 


i + *J k . e =TB 


T» ! ^ T a = (tttfci 

Tb 3 31«m 

U„. ft = Cw siw iy*-q^.NHxoft'l 

\£F=0 U - WCjoSIS* » O 

W* U> CoSU° 

Un-Ib = VulSIN |J°_ 0.40FO* l«*Hlof^ 

Ua- 8 = -(a-JS'O ti»)')=-7.*ri imj. 


^ rv>'v> 0 :t -zy5'i tv>^= 32.i 


V« X -(2)(l i +(l.yri )l3Z.Z $t/s x )) 

ZZ8.2 9 


WA = Z«.03q 




«„=>s.ilft/s 







13.12 


13.14 




6weN- C8.RM6 Moves Kr 

VSCOCITf V= 3 W /5 
AtoD vroPS 
SUDbeKlUV 

FIND' MAttlHUM HOtJtoJTAL 
DlSTAWCe d HO V6P 

By th<= ooc-ie-eT 


BeFee. To pe.ee Qot>Y ixAGttAW ik> P.13.13 


xj,-=./o= iro/s T\- 4. w\ v = 3 . ^ U**7 = 4-S IM 
T X =0 

-wgld 

T^Ui-^Tt. 4.S**-wgB=c? 

^ ^ V = 0 . 4^87 

Mi = ( 10 s ) = 4%4 1 =dV(.>o-o.4S87')‘ 1 ' 

IOO= d" 1 -*- 91-04 

8-94, d=x9<(w ◄ 


13.13 


GIVtN 4*0 -UBlfeHr ,w t * 4000 \fe 

ram.ro. weiini,vi r =. 17.000 \b ^z‘lo ot»oe 
7e>% B 0 »c.'mg- poece loroutfD ev ramea. 
30% BEAHU6 FOOOf SiiPaueO By CAft 

(O') Meant BeMtikJC, Ponce- TO Scoeo OouJO 
PltoM W »'/h To donw>./li AS OHOW>J 

(h'l AMie<i*.c.e Foe.ce oeTioeeN cAC. iMiO ’UHuER. 


t— n ^ 

r c 

K>lrr\ 

- Jk 


0 |= T> 

•U^= O 


T = -i WU l 


Tx= o 


Ll t -X— — ' 


d= 4 W\ 


11 Hi,.. 


P\B*= 

4^ 

d h = 

(J,- x = 

.-T, 


(lOavaVi: d^+ y X = 1.4*** IN- 
IOO-l<o=84 ci = '{l4 
IO-Hd t 0-'Jf4 =■ 0.8349 47 
— YVK9.8I Ho. 8349"%= -0.?iq047 


-%_w\ -j - o.'gi9om=o 


7J^= (x'Ko.«iqo') = K,.38 


“0= 4.os - w\/S 


CtAuCMOurii KT 

V<* uociT Y^\f AW6 

■snap* sut»(TKii.v 

Bucket t% to 

5u/>mg uo h our 

THMj 4 V* 

* 

woai touT Aci.y 
F'iWO; hMtMOH AcLou>AOc.e 
vrcoc-tT Y a> 


atfc down gradr 

\ 


l-TRMLCE- SVSTeVN 


IVUfe, 


V,= byieu./4= 9S.33^9/s 

-0,= 40 *vu/B= 5"?4 j 7 f+/S 


F b * 5 IN== Z/lOO 


t, = x i4w r +*^(.97.13H/iV" 

T= ($.5^4 }(<'** + 

T l .= ^lMr+«c^W» )= aO»T* w 'cHs>*. 4,7 

Tx s (niiUHetWc') 

T, Y U.-i.” T^_ U|.i.= "loooPo -t-t.W,fm.Y.2.ofF) 

4e'*4-iwve»M l 3- loooF Q -Kwr7'*J c )txo F»1= |7ii(M,t«0 

F B -[(45<H -na-l^ lb.oool -t-ta.ooo )U0^ |n^r;> = I7Z2 7 
L (ii.a'T J uo * 

F 0 = m 3 to 

(CONTlKlOeO) 


AS uii'li 


TV • x 4 <i *>o Ta = o 
U»-» = (.V) VNVS°-^fc.NXlO<7'l 
\ 2_F" o N-cobis®=« 

M = Wcol iS® 

UA-a= WOs** >»*- o-Aoccs tso^CiofO 
Ua-b= - U.5Si)Cw7= -I.SSi wm^_ 
Ta+Ua-x’ , T 6 

4.1"»5, -7.SJI YW<3 — o 

'0’ o \ taMi sst^(3i.x ft li.'} 
<r^ (44 .17 


6IVFAK at A.UsTJn 
AT B, XT — o 

c oe. a-b. q t *a40 
find: u 0 


m 0 - a.n^t/s ^ 

down to THe lfft 
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13.15 continued 


Cb SCPABATSCY 


T,= = 4S*I*I 

_ Fc T a - ^ (St.Ll » = 1111 

^o. 7 oF 6 

T,+U,-v=T a . 4fMM T - 106 0 tFc+noP«,VioW T =ini*w T 
f»j>h i«-\ F fc = nit.i. 

loooFe=(4s‘ < W'nzOO^fig1 -tioe>T(mnH(26\Cu,o°o1 

Fc=(l 0 52) — HOSfl-f- 14o= Sfc.l lb 

aee note for. POJ Fc» St.tlWC) ^ 



frlYEHi t»6 w«»6«r,VO c - «ooolki*mii.e* we itvrr,6oO lb 
a. Vo up oii^oe 

Fluo '•o'i Avea>ce foicf omim€ wmec-i ro sPiseb op, p 
lb} MepA&6 force iuthc coopu u^ 


I We O Mk-TftMlgl SPitlH 

v- i 1 AJ-,3 40 toi/hs 58.fc7fl/t 

^iu 'z/ioo <bS*»i/|»= 4S SSTt/j 

*T,= 4^ (.►■'V *’'«■'} (.^.W 1 tM T + ^(,5*.«.l'i^=inF(*A r t»0 

TV x lw t +p> t M« fc N'» 41*0 (4raVfc 4544<*, **0 

T, 4 Ui--j. c Tj_ U>-V (\©oo}(.F3-(i«>oKi/i6c>"Kw T tw«.N 

'lulM^Wt'l +- tooof -10 IW T +W e '} = 4544 (w\ t -m» 0 
looo F=C«4s-44-m»'Ki|^i£a) -*- 20 ( 11 , 000 '') 

F= 1403-+- 310 - 1723 'b 

jv/r F*niatW ^ 

^ * — _ TiL-'i-ftt. uousmEinni 5 cpm.kiely 


F c T,*i(jM T )(S8.*.7Y = IUIMt 

TV ^{*i')W.}A') x = 4 S'44 Vrv T 

Ti«l,.,®r x , (in w^ T 4 - 1000 P r -(ioooK^)^ T -=4f44 by 
IO00 F c =( 4 S "44 - 1721 ) ->.( 3 o)liioool 

F*= 1052 4-140=. 1142 1b Ft=|l<? 2 llo(.T) ◄! 

“See NOTE F0(2 P 13 , 5 " 


13.17 

-* 6 IUEM : looo-kj CMS 

8000- TRftlUcR 
1«\iet GBOVJUO . 
wHm/l, T2VX.P COMBS TO 

' - A STOP INI 20 OV*. 

(0OV0 OF BRPMciwG 
Fonce FlOMTtAtuE' 
40 V« OFBOKIOC- 
FOB.ee FROM CAB 
Fiu0 ■ *c-i 6ue«6&.e auftcioc. 

FoRcjC 

Ibl fiufote FoBce 
|M rMB' cooPuio 4 


1WC IWr , TE-nee fcvJt > 

0",. 4»»»0 

T|+Ui-x=T». T,= t.'J, s l^(^1(\u 1 oookj'l(rs-i»i/s') 

T»= 3 iiy*io 3 vj-M T>=o 

J| 1$-*10 — (.iioopO(Fr') =■ Q 

Fo.= &iasxio 3 M.w) — 3fco4 k)uw 
Uioom') 

F(i’2-40fcU ^ 

(b 1 cab cousioeieo seoeVAieiY 
\** 

_A-^-F c T,=X v*\«.1\mV|0ooX1Sm/»\ 

—- ^4oF6 T.® <.1SXiO a » rM ,TvO 

T.vU.-V Tt r*, = 1bOA u.l m (.From ColT") 

US *10 b - <.6.MOiato4')(l100>V^F c Hl70C>i= O 

F g -Ko.4o) Cl6o4'l- (,ir - 104-2- SI I 

1.2- 

Sfe"G UOTE Foe Piys F t =ni 10 (cl 


13.18 ! S 


&i^£MitoooA3 06,80001^ Tram.br. 
AYse»oe BebMM&-Foete 3000M 
Lewec grow no 

FiNDi lalDisrAMce K.J"o comb TO 

I K -STOP 

(.blFoRXp IW COUPUKJG-,fc 
_ _ iT BMLce. BR o ter. fa i l:) 

TB*.>y.lgB- AMO CI.& 

O.r 7SW(4 


t \= v *'»'> uiS*3itff»io 5 j 

T^=0 Ui-t.- c s % 


T,+ Ucv-TiT 0 BiTyMe?-(3000") K = o 


x» 104 1 tw 


Cb) TgiiLt-t C6L3M6cagQ itPftWfLV 

T,= i 6 i T (lS') i ^( 4000 M‘» 7 .s'i 

_k. T| - jsoomo 5 J 

Fc TV O 

T.ta.-VT^ 

2700 » lo*— (F«T Cx.^ ® O 
FcomI*.^ A - 1041 i~> 

2 sbo* io'* > -F t Cio < ' 1 -'> — O 

Pc- tsoomo 1 - 13 44.2 FO 
(0 41 - 

See WOT€ FOR PI3.S" Fcsl.Aofe.Mlc')^ 
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siuen; 

blocks e.eLe^sci> 

From R.t=ST- FjncTioM 
L{$=- 0.30,*^= O.IO 

fimc>: 

(a - ) v/euociTy of 
Block. B f\ FT&B. 

IT ttAS Wouicfc xfo. 
Cb) te-usioo iwn*e 
CMb UE> 


BLOCKS tELCftSeO 
ftoM EFsrjJJO FRICTION 


COVtsLOClTT OF BLOCK 
B FFtet ir has MOoeB 

1M. 

Lb) reN6lOW IM THE 

CABLET • 


V\ klueHATICS Xg = 2.*A 

\\ I ° a<OK 

Tio\\i/C A AVID B 

V» Assohc B moves 
\ ^ y* Ooidu 

\5> \ U, = o T, = o 

v B 


Blocks HoOic .witw notion 
IMP t^tMOfir AT 0 t>OU>LVJAft-t> 
Dtrfc'iHioe tt.eqvi8.GD 
F8.iC.Ti0l; FOteff AV A FOB. 
ff(}UIU08.HjM 


0V) 6 qHsiu lo*^ o 
N B = 

(jm b<? HOoS 30° 'i + (f B ^ 
Mi^a=(p-so^cO 


V 0,4 ^ T=C^«i4V(0.3o^ 

~r= (,f 3 -o.vj')U'> © 

Block ft. 

v x f = H*-<.m*QHS"0 o 

3 N*=^(JtVS 

/* ZF= aT-irwu^iCcos icf'i-tFuVso 

feV~ a-r-fea\(6^ © 

*5uBSTlToTe T FRbM CD 'WTO (D 

(1^^= 

Eeo.Foe. cqoil = tfi-o.fco'i^ =■ Kin. g- 

HAX FRICTiaU THAT CAM Be DeuBLOPeb AT A =- 

MsNJa=°-3§- 
■SMvce o.SQ CI.I32.H ‘v Bloc.ics Hoyg 
ta'i a. Kub B d a 

(FVV =Mk (o.zo) % (o.xo'ig. 

KioeMAnca A*=-i.x* 1> 6 = s.'Ua 


Ui-T.= cx)(qsi)l^iH-» +2.] 


Ui-t= tfe.qq T 

•simcic woe f- is Poo.nvjg Block B 
Does Move Doiojj 
<Ji-x-T-»_ ^ 

oTifc.qq = ti 


TJg^ 3.4,9 m/s 

Down to the ei6HT 


B monE 


o ,T,-o +^d^=4WUW^ 

U|--L="'M»Q Ccosxo*HT» > >+- VV\ a Q (C0S30* 'iXft, 

“(Fa\* 

2 b --x m t 'V*= \ m 
Ui-t =E-(xit^ ( r ^l‘ *0 

- (.o.xo'iCi in') - 

=U.ior j 

Ot II. I OS’— l.E-S'Un 


Ta.= ^.w\ e> u i = y * '3-S9 j 

U i-t_ =■ (. wt 0 ^ Kc.os 30*H>O-(r)Ua^ 

O'--2~ 33.98 -2T 

t, + u »-x®T»_ oT33.qa-^T= n.^q 

iT= 33.9^-13.59= 20.39 
T= 10.19 NJ 


'0’ B = 2.98 */S 
Down- rerue Bight 


nst muFD) 
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13.20 continued 


lb) w* 


13.21 continued 

Ti + Ui--*»T*. o + 


AJ,= o T*= o 

0Jj.= 2,98 wi/5 (FRoHC*)') 


tde=-W\ fc ^snj3o= g KJ T x - 'Q. 88 J 

(Ji-x= M 0 <J(M5 30) lx) -(TI U'i - CO 

di-a^lzH-aXt-SI wf5*)(?H^-2T-(0.Z 1(3 \T)Uw') 

U i-a = 2^ ^-2T- 0-4 $ 

T, t CJt i-^=Ti. o t-2.6 $ ->.T- 0.4-^. ■= 8.« 8 

T.To(z\i5-o,4 , )l3VS.g8= zi.nS 13.22 | 

T= 10.5^ KJ ◄ tfS 


O + 7.00 — (6o/il.T.') 0* 
(07^2, 


lb) SliOC-C THE 7.0 lb ftjtflftHT AT B> IS ft.ePCACJTD 

BV A 7 . 0 lb Foece ri+e ei*j«mc eucaiy 
at@ 13 IPA*)/*-- i_l4o/|)^ x T,~0 


TUG WOtfc Oo*j£ |S TH-& - 
■SAHC AS 00 PAQX (ft) 

Ui-7.= Too Ik'-PI' 

T ( +U|-7-=Tt_ 

04X00= ) 0* 


17 A « IXX. 




13.21 


$mn: 

SVSTCM AT R.EST MMEN 

loo lb Fotce 13 -p 

APPLieD To. MO FeicTlOM. 

I&UOEi- POLCtTYi HASS * 

FiUb-t 

Lib (ft) velocity, U- a of a mU 

JWbT BeFoC.e IT HITS c 


r 

(b) VJ A |F COuNmweiftHT 

A 


B is 2fc~PcAc.eD b v a 

t 

2ft 

20 -lb dowWMOAtD FOB.ce 


u 


0,1 


fclOCMATICS 
y 6 ^Ub 
-Ub-x-Ua 


T,= O 

T 1 =^V«t > '0B+4 W 'A -0 ^ 


m A =u)tg 

h= itn 

SVSTeVA HELeMeb FROM 

tesr 

V A = 3 r^/S TOST BeFftVbE 
’ HimMG TH£ GBOOWD 

Fiud: 

(ft) etjen&y.tp^issiPAreo 

110 PB.ICTION 

■WAilbyreMSlOO IN (iACH POtTlOO OF Co#.B 


(ft) 7 / 1=0 Ti = o DissiPATes 

r, u»= 3 m/ 3 =o b 

1 T,= 4. (nvipfiMBlUj- 

I V 

jj«T n b*/st=72 T 

U1-7.= M^ It) - W 6 % to'- E P 

U 1-7.= 1(d ft.^')C < t'^ ( w/s l )(XliM^—Cj, 

— IVt. = 11 tit. - ep 

T, + Ui--l=T-t_ 

O + 117.72 - £p — 72 

£>=■111.71-17 = 45.7 u 

• 1 II I t v « . 


U !-x“(loo)(y-O +(w*) Cx*') -(\d 8 )(* s') 
U|-7.= (l00lbMxf+V WolbXx^Vlxo 
(Ji--X= T-OO +?o - vo — 160 lb-ff 
(court iooe&') 


Tj.= 4l 20 lb /3Z.1 (b) Block. A a 

+4.t4o MnzMdtoS t,= o t,= 4 'oo ft 7j^-(4. k 3X^ w M= 49x j 
_ 7 \, VN 1 U 1 . i .= (.yvi A 0-T k )lX')={lllt»)(q.8lWs 1 -)-'i;1tiwil 

(i-(60/32,l)(^A) a I- 7 .= X»S?«7-XT A ” 


Ti t-Ui-s. m T». o4-xiS.8x-xTa-=-44.5* 

T a = S3.Z (J 

3<-q<*- a . x •* 

r, = O T x = -4 *^B^ a = (.4 m Ciw/s^il.s- J 
U,-V= - BO 6 Q U) F T B (7^=-(y lt-3 ) 1491 w/s l Xz*iV<^ 
T t fUi-ipT-x Ui- % = -qs.l + iTo 

0-49.1 (.11,4 = 77.3 

Tq= fco.3 N 
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13.23 


6>vi6M: 


w*- 2.0 lb ^ Wa- 8 'b 
V\=- 1.5 ft 
svvrew 
FioM E.GST 
BLOCK A HITS THe 
oa 6-COOkJO WITHOUT 

”1 ReBoouO 

Block- 0 HeAcne''5 
A HEIGHT OF3.yFt 

FiUt»: 

(cO •u* tost Be Foze 
Block a hits th€ oboowp 
Cb) euettoV,Ep,OissiPfrTeU 
B^THe pulley iki fbicTion 

TJe, at© = -VJa AT © TOST 
l iftJ b BEFote IMPACT 

ra.,® FeoM ©TO 0;eLoc.fc_6 

, p i Tj= o 

LTT T 2 = a M e 

®[>J |_ r#t T * = 4 . C® W) IT 8 Z 

1 is If T x = o. 12.4 z U-^ 

_lE_J RI.l TewsioU i*j the tolB 

» Wb is %eRO 


13.24 


C-W6KI- 

CONV 6 V 0 B. I* t>ISENG.A&£ C), PACK.AC.GS 
Heus By PE-ICTTON AMS SYSTeM IS 
EeuTAsep FUOH feesT. neglect mhu 
OF BELT A Ob BO LUTB.S PACKAGE I 
LEAU6S The BCot as Package s cones 
ONTO THE BELT. 

FIM b *■ 

U'f VELOCITT OF PACKAGE Z AS >T 
LEAuES THE BGlT AT A 
lb) ueLOCiTYoF PACKAGE "3 AS |T LEAOES 
THE BELT AT A. 


,Xr-n » %5RO 

* L*J(D thus u 2 . 3 =(tnt.Kotrft) 

-Uv^*4lb-ft- 

T\.+ Uv-s* Ti 

o. n.c-1. ij a ' , - = 4- 

\}f=S.i,9f+/s‘< 

(fcj) Fg.O Ml © TO (D 

Slocks A anc> B 

T,= o T x = l*»*+•**)‘U^' 

Tost Berate impact., L3 a — U^=O a = y.tsf+Zs 

Tx=x (, 7 a lb/BT.2. p+/s») ( S.fcs')’’ 

14 |b-ft 

U i-i-(W „) (l.y'l -CW) B ')0?') - E p 

(Ep = EweCLC. V bi-ssiPATEb By POcLEV^ 

Ui--j.rcC.l2 lb )( '•* h ) - Fp= 10 -£”p 

Ti -t Ui-x = T\. 


Ifciil 4 <? = a-ft 


TrB[im^] 




T 2 = 0.171502. 

U ,-i = (3 > (w') (e. 1= CftU I fa') UN') 
U ,-i= 36 lb-Vt 


T» + Ui-2. = Tu 

0 + 36= O.ails 

uq.b 


•Oi=||.3Tp+/s 


Package 7. PAllS 
oFFTHe BELT AV)t > 
ITS eNCfeG-V IS LOS.T 
To THE SYSTEM 


o + ig-ep— 14 

-e P = I4-1S 


Es>=4.00 k ib 


Tx- l6ib/w.-L4t/s l )U28*') 

Tx= 24 lb-ft 

T 5 *U'i[4irv\O i l 

"Ti- (tib^T.vf-t/s’-X^s ) x 
Tv= O-l8fc'S4-'0's 
Qa-J= UMWM 2^= 

Mt.- 7>= a 4 16 ■■ft 

Tl + U-^. ^Tj, -», 

14 + -l4=0.>»634O5 

-o^-- a 5-7 .6 

V 3 = U.OSJ+ZS 







13.25 



51MEN; 

4 4.^ 

^b= 

ha c = 3Jt ^ 

systcm deceAset, 
FftoM eesr 

FI N> C> V 

V* t TOST B e FOV.6 IT 
STIUtes THE <HOOUb 


- -^c w A 1 -** »W^=(2. tq'Kx<H 3 ) 
T a '= l3.i«*fX 

T^= ^ (hv+ I’Oj'l = % ^3 

U-i-3= (M*-M e M4')(0.-7>n'> 

= C-t (OtlVv\') 

Uj'.^ -«».8fc7 T 
T x 

13.144-fe.8<>7 = 4.5 
Uj= 1-4(7 
^ = ^=■(.140 Im/s 

-U ft = M10 W\/s 


13.26 fiweN: 

a o.bo^^=.0.40 

fl ».l2IMn |3t p FOICC C 15 SLOWJL.Y 

I—► M-PLieO UNTIL. THr 

L—^pp^ippJ^pJgpi TCNVlOkl IN THE 

SPfcUO E IS -iO lb 
(MJO THfW 0.6UKS>eb 

Eiimi 

(<v'>veLoc.tr y of block, as it neruENa 

TO ITS ORIMNttL POSITION 
(bl The mahimom veLoerry o f t h e blocIc 



fc_= IX tb/iw — 144 lb Aft 
Pit I % F5,= 3.01b Fv^Xo IOlb =(J44lb l(i)\ 

U>= +o/i 44 = 0.13 8S ft 

T, = O ^ T v = ik/il.Xft/lfi < 

Til- o.ils'3-vrl: 

o 

U, - x = J-Fsd* + (F*V tWl ^ F 5 =jl!.x= 144 X 

, 0 . (FfV~ <M» w 

Mi-i- 1+ if ( V*-'^ (FfMlHo 4 H>o') 

X„ = 4 lb 

Uu-sf (ixWffHo.uwft'l + lAibX-o.^gqfO 
Ui-i= i.3«4 - o.rrjfc= o. 833r ib ft 
Ti+Ui.a-Ta. o + o.'SY3S'= 6.IS-S-3, U-J" 

4/ x Ss 3% 30,7 
\3 X - 1.31 -ft As 

AT oe.iONAL POSITION t xj=1.37ft/s 


(.b^ FOR. any PO»iTiokJ 




T,— o «=• o.|ys-^O^, 

* * T 

Ui-V= j-Fidxf J(F^ 4 dx %«>« 0.138*1 

U.-s' = f-K4V-f tO^U'W) (5) t =4lb 

l— 1^0 

T, + u L v ='T-l ot^tl 1 b/ fr ^0, 1 3 y 1 ] -H41 t>)(VO.l 384' 


MAK-VTlMHeO — 0 

' QA 


=. 0. IS-F3\Jv 


- 144-71 + 4= o 

MAX IT WHEN 0 . 01777 ? W\ 

0.1 S-s-3 7W= (7 zlfto. 13fe c lt-(o.oz77g')]4(4) (.0777y-ai3S?) 
O.IS53 0^^ = 1.3334,-0.444^ o.ggqi 

O a K.KK= 5 -. 7 ZS- 

1Wk= 2-3*1 Wi 
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13.27 



frlYEti: 

Fetci? F 15 . slowly 
APPLIED UNTIL THE 
TENSION IN THE 
SPRING IS ZO lb 

mod then ieu-iised 


£M: 


CM Distance the block mooes to the 

\Jc FT BEFORE COMING TO A STOP 

lb) wHETWeRTHe Block.then mooes 

BACK TO the K.ICHT 



IVJ^IO Uo 


N=. volla 


--__qm >4 

To IS INITIAL % I %o I VI 

Position at(7) t>ri&inal Position 




IT R.EAcH C S ITS ORIGINAL PoSITIONj 


tSec_Pjli£ 5 

fe.= li't/iw - 144 lit /-ft 
T|= o Tx=o F s = |44 K 

"? , -b , 

U\--i-= J-Fjclx f Kp^ t dx (FA=< 04 j\io'> 

To ^ To (FVW~ 4-1 lo 

Ul-a=-l44^| 

%o 

U l-X= - 4(.T^Xo) 

T, +1| i-i.=T x o-iz (.T-T,1(X + XoV 4ClM*«V 0 

4- o 

AT0 F^i-otb -1ZX=4-7 ZTo 

T<,^A.To= 144 X-o 

Ti-c^ 10 = 0.1389 ¥• = O.o* 33 ft 

144 


1 3.28 given: 

■3H3 BLOct fcests on zJtq Biccfc- 

U.HICH IS NOT MTfCR€t> TO A 
5PBIU6 OF C.OUSTAVIT 40U/w 
upper. Block, is coosgWLY 
Behoofs 
F ioo: 

CM OF z It 3 block. 

lb) mh»ihom height h. 
BcK-HGD BY THE 7. BLOCK- 


(.47 iW=z<jn at the initial position © 

( _j_ |( ~ rue R*ce mo the spring 

'_?-^l _ .i t EcpoA ls the weiCHT of 

1 F s Both blocks, c.e. yg N 

^ THUS FT F DISTANCE" X 
IZZ3AEH_L THE FoBcC IN THE SPRING 
© ^5=^4 "He* 

Fs=‘S'a _40X 

HAT VELOCITY OF THE X Ol£ (3UOCK. OCCURS 
IajHIlE THE 3PE.IN& 15 IS STILL IN CONTACT 
WITH THE BLOCK.. 

T,= q T a = 4 HO ^ tu'V=^ 
Ul-T_= j CSg-COXld* - 1^y-~ 
o 

T,+ Ul-L-Ti_ O +■ 1,0 T.O 7?~ = 'LT X O') 

Max O’ WHEN dy_ o =Bq- 

4x V-CntAT ol — Iti 

00 

SUBSTITUTE INI.! 'V-tWAK^cnjSarH 

(3)l9?il(o.'i3s-«V(7o')(c>i3s-8'Y l - 
- ai.tr- io.?b= io.sb 


\ u 1 

r rr i ::i 

V > F» 

P TO * _ 

L l **•* 1 



^n«= 3.79 vw/s ◄ 

Xo— INITIAL COHPdjeSSloN 
O F THE SPRING 
%o= ( 731 - 39 ')- 9 w\ 

‘ ° 4o"' £ 

Fs= s-g- 4oy. 

T, »o Ts »o 


"y. 0 -l-T= 0 . 136940.08 33 . 

Xo+% - O.TiZ-Pt 


(b) ® I 


W*IO 'b 


lb) ^ t IF F S AT 7 IS LARGER 

j „ THAN THE MAUlhUM 

1 Possible static 

"* Ft FRICTION FORce^THEN 

In Block, will moul, to 

N = *0 lb TH E RIGHT 

FROM col WITH ■%- C.. 0 RB 3 - 9 -fe 

Ps»U*H 4 HO.o«V)= 11 lb 
lF#) s = l( t Kl^/p.fcOlCiol = L lb 

Since PsX.Ft'Is 

Block Moves to the 


W f 

Ui-3- I (yg^ox'idx -zg V\ 

O 

Ui--J= ^ l - , 2-o9 z - ag 1^ 
r,+li,.yn\ OT aoj^-T-gK^ O 
h= 103 =U0V(4Si') 

T4 L4 


V\- l'S53m 












13.29 


falVSN- 


34^ Block rests oh Ai4g 
Block which is attache! 
ro a spring of 40 w/Wi 
WHiTN upper block is 
suDOewLV remoued 

FIND: 

UXlAW* OF lica GlOCR 

(.b) maximum height h 
reached by Rig block 

(a') 5ee Solution to Cal oF P 1 - 3.78 

/ Ui*Ax s *-'ViqWs M 

Cb^ Be PEP- to Fioo(L<= IN lbs OF Pib.rs 



13.30 continued 


b) assu me that c does not reach the 

SPRING AT B BECAUSE OF FRICTION 
r - N»w= 4 lb 

p—® i D]^l F« = (o. Vr'l( 8 ib'>= 2 .fco lb 

* yu 4m lm T*-T 0 ^ O 
U*- B = j K4X<lx- = -Z.-2^0^ 


T* tU*i-c>—T 0 o +vx@ou = o 

Lj^ 0.1I4-+T = *.E7 1*1. 

THE COLLAR M0STTRAU6L |fe-fe+-R= tRin. B6T0EE IT 

engages the spring ^Te.Siuce u^STi* 
it stops before engaging, thespring at ft 

TOTAL DISTANCE* HA 


r 3 = ° 


U t -s= j <. - ^otc'kIx 3 h I 1331 


SINCE THE -SPeiNGr EEMAHOS ATTACHED TO 
THE 2-ft.g BLOCK THE INTEGRATION HOST 
Be carrutB oot throughout the total 
Distance In. 

r+(JF^—T t. O t In-TO h = o 

h- 

I I -1 - " 


13.30 


\■ 

1-18 Ivin 


gwc«5 


V\ — l.AIR W\ 


Wc- 81 b 
Collar, c 

toHPRFiEES 

SPRING AT 
ft 2. in. AND. 

15 RELEASED 

Find: 

EaT distance travel 
BY collar with mo 
FRICTION) 

U >1 5ahe as (al With 
FtICTioN) ^-=0.3$- 

ic 0 =» tAa Vb /^4 

2 ^ fe* = aiGl(tf/HFf 



GIVEN'. 

Wc= 61 b. 

UPPER SPRING IS 
C.OMPRESSFD ZlO AWb 
collar, c is reu-aseo 

FinB. ' 

(ai $*n ,the Maximum OeRecnoM 

OF THE LOWER. SPRING. 

Cb - ) 'lT w1< THE maximum velocity 

OF THE COLLAR. 


ig ib/m 


IRIb/i*. 


SPRING CONSTANTS 
|€lb/in =‘ZI ( 9 IbAft 
lZlb/iH.= 144 llo/ft 

MAXIMUM DEFLECTION 
AT (?) WHEN VELOCITY 
of collar C 13 4ERO 
/CTj _=0 Tx= o 
O',» o T|= o 


Ui-^ = Ue. jCFOidx — J(Fe 

0 0 

U.-R= 3-7R^fc + fe«^-7R^fe^fe 
Ti + Ui.-^Tr o - 71^+4.^+fc=. o 

4.0OIA < 

Lb) KIaxihom lieiouTY occurs ustwe louiER. 

SPRING IS conHessED A DISTANCE U 1 

T,.o 

TfHWT^O -7Zy , ‘ l +<o^TC=> = <iP'0 43t7y^ X ' 
d u\ 0 (-lA^^V Cc = o ; u'-o.oxtifefci-ft 

'■SgaiTiTUTE <^ , = o.oA|EG7-Pt 

- cas4-o.REo+4=0.0«l3i7\^,\0- w -8ll-W^- e t73'^ M 


dxfVJc.(i+<j) 


since collar, c leaves the spring at 
B AND THERE IS NO FRICTION IT MOST 
ENGA&E THE SPRING AT A 
TV, — a Tq = O y 

U K 0= Jk B Xcix-JitAxdx 

U A- &^°(l4±U»/f 0\i_4t?-(7itJMtt) (ip 

Tp» ^Ua-B^Te, 0+2.-108^0 

o.I 3U -Pt = I.G33 1*1. 

Total bisTAwce= •z.+ifc-(t-i.G33T= , '3.t3wi. •* 









13.32 


*» 

f 


mmEmm' 


6 IVFN; 

PliroN A6.CA ft 


GllSii: 

tt 0 = c s vru./V\ 

FOB.ce FfcOH 

27 _Cosh to to AS 

I* -1 ! S Ho WM 

I ! !. UeauecT 

i - -h - m FB.KT.00 

w= zzro lb 

Fiuo: 

tMbisrMjce d^e. ftUToNO&HX TO cone 

ro e.esr 

(b) hmihuh becece^ftTioM^o 


PISTON HASS (M 

I Niriiku Hessoee P 

I--*- 4 --•--I Ptessote yfte.ies 

tNvett.se ey unTw 
VOLO*ie. P15T0N 
Moyeo ‘Vt. mjo ejeueA^et) 

Find: 

V6LOCITP OFTHG PISTON AS |T 8-6TOt»JS 

To THte cewreft. 


CD @ 

——r r - 

^ PRj6SSo8.es V/A8Y 

_ I I I I _ INMCaSlcuY AS 

———-i——d-*-a —d the voLone 

a ’ X Pi - ft & p L = Pa. 

P ft* x 

P fc _ ft a. Pr.= P a. 

rmriM-cv at (T) -p a17a-x') (.la-iO) 


©t~WF. @r7n^ F 

v e = Wmi/h 


tnitiaccV AT (T) -p ~aTia-x7 

a)-=o *.=• ^ 

7i= O . 

AT® , %-a ,T t —%. fcav 
a a. 

Ui-x=- j\p L -P,.')A<ix =■ j Po-^tx'aTvlci x 
<*•/*. a ^ 

..a. 

(j|,.-x=.-paA [f>v\%+-l 2 ATCza-x)]^ 

Ui-2. = [!Ua.<iFj^(y-J^((X/iV^vi,(? a /Ol 

Qi_i~-pa.A[ G*v o. x -( 2 *i 30 . 74 ]=--paft J 2 v\|Vs} 

U^-^ j-paftfl ^^/al - Q&l 54 - PQ- A 
»yi “FT 


ASSUME auto STOPS IKI gc d < 14 4-t 

» ^.33^/s T,« 

T,= 3I7.TJO lb-ft=3l7.5-3jk*ft- 

Ui-x= 0 * MCs-fOv bii Hd-s - ] 

— qo Tl-)d-l35-= x-7d-4S" Aft 

t.hjU* t-s_ 

3n.S3= a7d-4r 

d^!3A3^t M 

ftssoMpno to THftT d <■ 11 f{ IS oic 

Cb) MAXIMUM DeceurE.ATIOKi OCCOXS \JJH6N 
F is Lftp.ceST. FoR. d= >3-43 P-L 1 F=n4 , 
THUS F=wa 6 , ,. 

Q 0 =36fcf+/^- ◄ 


0 = 0 . 7 ^ 


13.34 [ ¥ I- 61U6N-. 

' F h AccecicXftTiovj 

of CRAUITV 

© AT tcARTHS SURFACE 
PlUft: 

Attecee atiou of glwjitY 

9ft AT H6I6HT lf\ ABOOC 

rue garths' sue .pacf 

iuTre.Ms of a 0j h,E.. 
ftwo ee.g. 0 e in wevcHT at w if insight 
at faiths' soRFftce is users Fbe. <.a>h= >4w\ 
(b) Ys= looofewi _ 


GM t mo _ G-Mciw/gT _ 

F " Ch+FT 1 C^Try^ ^ 

At EARTH s'soil FACE CW=.o’) &MetvyAv=-irrtgo 

&»-/fe 7 = ^o 

Q ^ 

Tun C Q. — J© 


CcotoT.Moeb'i 


I HUS / ft ^ |Ni 
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13.34 continued R=c.37 0< fe^ 

Ar AcriTu&e h*T*o€'weie.HT F=vw^ h =w x 
Assuneb weight v 0 ©=-mq o 
eeeoti = e ^ = ^ 

^ Wo ^ ° g 0 

-- *“ 

&) W=lJtM P=looe= ' 00 ['VuT~i-N^l 

L J 

9=0.0314 To ^ 

Cbl W =• looo 4ho f>= loo [i _ J_ 1 

L (. 1 + >QQQ S*- 

to370 

P— 2S-.3% 


13.36 


13.35 

v i 

Mot 


‘alVS.N- 

\)euOClTy AT MOOU5 SOftFACfc-»U, 
Y6LOCITV AT HEIGHT W= O' 
R.AOIUS OF THE MOOV) ,&H 
Ac^fi-arHAfiOM OF GEAirtTY 
OM THf HOOKJS'soeFACe, 9«w 
FlviP'. 

FoEhola Foe. hti/lnu, 

Vowete (on 15 FOOWCt 
USlWG, OfcUJTOOS LAW of 
G.VIAU ITATioU A»00 
hu >s FOOU& 0SIW6 A 
UOlFOfcM G«AOtrAT( 0 UAL. 
Fieco 


KEWToOS. LAW OF G-g-AUITATIQM 


GIVEM: 

EAfcTH TfcATeCTOR.Y AS snow kj 
MAC.UITO&6 AtOb 0\etC7lON OF -O OM 
THE IsAeTH l«> Ttfl= SAME OUT Me MOOW 
T4.A3SCT06.Y O 
9 v«- o.iuyge 

fino: 

BANtC OF TWe BALL 0*0 THE HOO*sl 


j® x 

Oh * v ”n \ ^ 

Earth trajectory" v \h, - 200 fl 


G) |^—Ee^ -as-otjd-^ 


= ^_ IM \> 0 X 

."I** 

GwTIth 

1 

v= f-0d<r 
0 

F=^i 


iOyt 

-X-'W^Wa 



e* 


Urt=w&»E£ (fc,~ eJl «0 

TiH 4 t-x s i^- p . , -v 

ita^ie,- sSfaK"" 

hm= ^-^ )\ ~ ] th 

Le w - ^ 0 1^ J 

Uoipop m CSfcfrv; iTATIOtj AL FICLT> 

Tt-JaMOo 1 T^tvrO 1 - 

Ui-7-- j l-Fydr “Wtglou 

£ 

T,+(Wr~ 4 -iM^Irtu =i^ 

inu= (p"=' X -'U l )/' 2 §Pv% Cz') 

Diuiog ftY fa ) ha=.-, ^ ' ,-=- 


AT MAXIMUM HEIGHT THE TOTAL uecoctTY 
IS THE 1+oB.liOTJTAL COHhoFtW 09 
TH© oeutCtTV WHICH l <3 COLlSaTAVJ T 
AU t> THfe- SAME IN Both GA.-ses 

T,= ^_vv\U x Ta»— ~ K V ^aOm*' 

tUt-i. --rv»^eh« &AGTH 
Ut-X =--IW ^*vaUu*T MOOD 

6A>eTH m^e^e= i 

MoOU ^ lMO a - 

lioBTe .action -QeUe+9itMWwi=o —= j35 

° loe 

(fjkg.V 

EQUATION OF A PACABOLA 
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13.38 



Given: 

mriA= ^00-3 Cnovi MWvieTiC^ 
\nn 6 =. z.00-3 cwpcwenO 
Id.— 4 . , IKJITIM.LV 

fc.ept?u-i»u<; FoR.ce 
Beiween B ak>d c 15 
F = */>*- 

BlOCR P 15 ^ODbeWL-V 
Eg-Mo\>eT> WO Ait Hesis-Pucc 

find; 

Maximum ueLocirv N 
'^Vy’i 0 F B 

tb^ MAXIMUM AtceueRATlOM 

of e> 


ail 

llikii 


H |v 

If= 


oli 


If= K/UxioW 1 


CAICUlATS R ZF = (v>n ft +trvi*U - |<^4X lO'^jvi ) 

X- C.4X l0 3 wUo.5-A.q')(q w/sO 
fc- “SX-lO -6 9 . V)-J* 

\J X -O ~F\—u < 0 > ='0 T^.= 3 .^ 6 ^ — 0 .itf M-tvi (Jm 
Ui-t= -nn 0 j) JX 

U^-'f {^p -«*W 

_ ,. — 4*to"‘ i 

Ti 4 U l-\® 1 Z. } . 0v ~(a n . - , 

0+1 -O.-L^ctl-O.IO- 


GJVCH -- 

W(i— 0 , 4 -lb (HftGNeTic.'J 

w** O.fe- ibUon-viftGMervO 
Y=0,\5+«. tUtrifM-LY 
eepeu-iKjfe 5=oe.ce 
BeTvvieef; bamdc 15 
F= F./'^ s »lo MR U3iw'«06 
PjLotyC A lt> Pl.At.eD OK) 
BLOCfc. B MOO ttjljEXSGU 

Fikio- 

((^Maximum veioctTV of 

a add e. 

(tft MAXIMUM OeFLIcCTlOO OF 
p PUD B 


(O') IpTI CALCULPTg F- 

,r | I FOoimBRioM AT 0 

I i W* -ZF= vc./^-w a = o 
bT - m a WB 

hp »ii® 'Vi-O.Cs-«M.»o,oiarf+ 

(T) ^ F r-V °f = it/’it*’ , 

r-* 1 — 1 1 - 1 fc= CousM C 0 4 lb) 

^O.OoooGXS ft' lb 

V,-o T|-o ^“VT Tj= x -O’- 


<J- 

k l 

1 


> 1 . 

Tl 

jUf_l 
' F = 


f "Pa* ■ 0.0 is-s-i tr' 1 ' 

‘ [F-C^+uJa^d/. 

6.605 J 

,^_=t 04][-$ee^-i]d*= o.oiss^' 


Ti 4 U i-k~ 1 1 


4*«f * 
dx 

TtHJ5» 

8 « 10 i - -0X^=0 


0.0 VX 5 

Foe. hpjc \j d tooissa.-u 1 ) „ ^ 

1 dy. 

, b.eooous -i = o y^=o,oo7^ofc^t 
v. -1 - 

< 0.00 T4 ot 


jf: 


OoPOfoag ~nd*.= O.OISS’B'U-^ 


ft.oiis 


.001^06 


AT Ohkx 0-00 (n 32- no 


r _ o 00 00 fe s~ 

L 'Y- 


— o.O 


1553 tr 


04 J (yif. a -o^dx='<u<,„ 


•00 4 

0 + P 


(q.gO 


-O.T-M.BOlij = 


OOfeUbo 

I — o.v o? 


• 004 jm 

M hftx =o.u,zeivx/s 
/U M ~14T.«-wiwt/s ^1 

^b) Maximum Pcrt-rutBATiovi at x=o oo^ mo 

UJHeN 2.F PRC TH Id C tf ATtfXT 

ZF= <fy^ - V/q, —w B <X 

C5MO' t )CQ.Sl')/(0.004') i -(p.2)W.?l)=(b^')QM 

CLm= I4.71m/sV^ 


= O.IOZ7 i, 

xr M = o.izq&ft/i 

4> w = 3.%ImJsM 

Cb^ Maximum be fl£ctioni \N«eNu-=.o 
t,=o Ti- o y- 

•0115 

-b.boootzs -dWsl -^^ 0 0125 ’^ 0 
16= O.oo 5-Ft 

Maximum beFuedriovj= 0.01 -z.S"-o oos^o.0075ft 

=.o.#?oin. 
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IBKBKra 

SSKKKlS 


13.39 


GIVEN; 


cr 0) ft5 SHOWN 


smallest o 0 

Foe THE 
SPHGR.G TO 
et'ACH B, IF 
Ao vs t> 
Rope 

4t>1 Ao vs A 

CloO 


13.40 continued 

T| -t-Ui-x- To. 17.5WV+-ZKM^iiNe= A^trvv vr’" 

ZS + A.^SIVJ©= u l la's 
MEW TO NS 1 LAVJ AT (?) 


F= "XlrwC 


jr A. 


B TriMOi 1 

l i lr* 'U 1 ' 

_,o Qv-x= **w\Q SI 

T, + Ui-x- T-x 
O- 0 a ~ uVigH 


t = T 

n 1 


Foe MlNtMOH *0, Teustow 
,KJ cofeo must 

rvv \j 

Be eeiio. 


THUS < Q Sl 

'O t (= 0. = 3^£_ 

i hnq 'O'o-N/iqT 

f = f ^ 

1 p t 4 „ 0 Foece in THt- eoii 

can support THe 


**^ Zirvn J-YM^5IN © = >iy> 

v^4^-agsme (kA 
So&srrnjTt? FoE ‘O**’ PROH eQ<.b7 luTO Gq.ia.7 

EJt 4 ^sinQ=4$.-R£ SIM© 

SIN0= (4K4.SQ-2S -- 0.-2.414 

(<*>1(4.80 

_ e- i4.oo” 


13.41 


weit.Hr of 

CAB. MO 
OGC.UOf\NTS 

= -rt.O \lo 

NOtMAC FOBxe 
N ( AS c.Mt 

Re aches G> 


* mm % 


A>0 - O \-~X\L 


CAN SUPPORT TH e 
VlJSl&HT SOTHkT 

O can fee teeo 


/O^NFEp 


13.40 


1 TENSION = 2W 

vuHeu tope F«*t: 

I FIND'. 

value of © 
WHEN EoPE 
StEMAS. 


*V= O O T B = ^m0 6 \ L (SfcolOt 280 o’ 

P » 3 

■JqoO-COS40°) 

Ums* W(qo")Cl-C.o54o* 'J 
U Mi-(?c»o lb1C4o ftO (.O.2S40 
Ums= 11741 H-lb 
Ta+ o+14-741 = "RRp Aj-^- 

(inqi^ lb'US7.2^fe^ 


kJis wtovj s lavj 


(180 lb 1 

AJg= ISS-fo ft'/S 1 - 


A A 

/N J ma^= 


vo=s-tolb 


r°y T y -^WVA},'*-= 

ZSIN© Tl= U.S-IIW 


w\aj,’= 1 vw (.sV- 
a 


Tj_= 1 MU 1 


Ul-V= I^^U'lSlNe 


+y* N-WC0S40°= ^ 

NJ = (?to ikO(cos4o°V ^IbWT* 

(T.Z.iH/s'KqofO 

N= 414 - 2.4,2 = 14.7.0 lb 

N-U.7.0 lb 
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13.43 



jpneae R.ei-eAseD 

J 


peon tursr Ar 


1. (Mp.^ ol 


•fl ' o 

! Ti*40: 

1 

0.4 m / 

TeMSION 1*0 TMIb 

^V\X j 

cots, 


loT roar BeFoo.e 

/ 

IT cones IK) 

/ 

COMTACT with 

* 

the pec- 


IblTuST AFT 6TB. 


tOOTACT WITH PPG 


■See 'rfM.uriOM TO VtOfc \3.4 4 , V)a=-KeT0(b 
MCVUTOVAS LAVlO 

FQ-OH El TO C <cao. Mooes (v) A st&MGHT Due ) 
Q A w B 

Stk =• \\rno. */ Ng-WC.054o= o 

4o*\ 'X Ni=(yto )CoS4o° 

c c 

Na=4£«*lb 

AT~ c anQ p (Ca* iviTHe cunoe atO 
. w-5feo lb 

f e > / , r Al 

C j/e=z4o-K c f i? 


yei_oc»TV op ths sP^eee a 


f.OKlTftCTS ft, 

„ 0.9 B -n 


= Z4oft 


W= sto lb 


ho(X w — Mi A)p 

t £- 


*JL£ ^ 

v / Nc -Wcose= 

V^T 

Vic.=- 3 go (cot>e + 'VV t 

V S *- 1 

AT D 

+ t -W= twjjjfc- 

3- x 

K) 0 = TfcO ( (+ ^|- ) 

Sivice Uo >\J' C AMf> cos©<l i No>Nc. 
VUOeVL AMD 5k)et.<tV F9.QH A TO 


Vo,V-0 T fc - .L W 1^9 

Ua-B = \m Cqo+-fcO^ = (5TfcO IbHiroPO 
Oa-B — 94ooo Ib-ft 
TA+<JA-e>=T e> ots-i ooo = 2 so Cc" 2- 

Op" — -Boo 

KJ b = S-feQ ( 1 p ^d*-\= S~fco( 14-300^=- 1740 lb 
TK- "240 j 

Nw>K)= Nq,~ 11 .1.0 lb;^K*.ir W b ; =\l.fcOlb 


o B ^o Te,= o 
Tc.= \ lAAO-t' 1 - 


/ U a -c.= ( lnn^Uo.4' 


(O.SKSIW "SO® 1 = 0.4 
Tg 4 Up_ £ . = 1c. 

o + o.A wi<^ = -b_ w\ 0- c **- 

'U'J L =(o. * 1 

Meimtoms Law 

CaV Coed eoTATes about bovur o 

-. o . (e.*=Li 


U= 0.9 VIA 


vna v .=w\\^ c 

s ^ 

c 


+V T- W\^(COifcO*^= br <O c 

T** w> ^(cos fco° 1 + w (o-g) g 

O. ^ 

1= ^ t"*g. T==.|,SW4^ 

Cbl COB.D ZoTAres A&OOT A (e. & L /i'1 
„ . o ^ 


L= o.ft^ 


.j T ''V *"0 W » «2i& 

•*.' TN' 

] 

T- ¥v)q(t° s to* M 
d "TTt: 

T=W^/2.-|-bn Co.«Mg">/o.^- 

r- 
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siveN. 

V- 8 ft/5 

3 ft 

FIMP: 

(©-'> 6,ANCLC AT 
\umcH g)LOc|c 

leaues the 

SOCFACE 

Cbl > 


INITIAL •spceo.v 


*■- 5 66 LEFT; BLOC. VC. USAOES TH6 -5UR.FA.C6 

WHFN N-O Q COS © = \T C ' X 
h= 2 .Sm % ©_ AO° V\ 

TV+U5 <\ b C.OS © -(^-81 H'Z'^ (to$46' 

Uc.= 1874 

looey--emency peuoopie - 


BLbcfc UTAues VoEFAce T 

AT C WH6-N n+e UO&HAL ^ 

Fo(tc<? N »0 

AJt 1 — 9 Ia Cos e 

tl lAl) l> k . <• I . M5l. . y • — 


e= 40 

\c^0-i.O5 o') 

^ C T<l= 

Tc.= ‘l.s'ls'w 

Cl-cose') 

-L L VMO-%-w\gl/\ Cv-co^e^s^iM-o^ 

- 13 ^( 1 - 005 ©')+- \S,i 9 
- --j.tq.ai vm/s»V'i s''^')(*~ cos4 ^^’I8T? 

= 1.5IS- 

\5c.~ Z.70 m($ 


MMQ (h-q')=-!j_vv\0 
3Z + <^h= ^ $ <^s. 

V(\^ 

tu=(3it(5i-T'i(3^ /iCJ 

ytF ^<»2S-ft 

s & Co s <S — Lu = 1 .(ibis' , 


o.Wir 


FtEOH Cl') AVID (3) 


Arc: C^X-^CAS e«(3.o=4 Xcaszi/tfV'atro Ctys 

(AVic^-'U'o'Siue- -Cq.osq^csiw 

£= Cu.V-t -^tS^z.urs- q.aut-it. 1 t*- 

ATE: 4 = o -b‘ I +o.T<i.47t-0.lfe,y4 =o 

-t= O.Z9S3 5 

Arc: 

qc^- fc^Ne)+^c\t=( 3 )Cyv) 07.4® It (sztolliisz! 

%= 1.381-+- q.4Z7 = 3.8oS ft: 


(Oi'V u= s PC/s,uP 3 % slope 
Bicycle weight, w b =is-|b 
WOHMJS OJtl&HT VJtt)= fZ-Olb 

Cbl \>= zo ft/s ^oujW 3% SLOPe,Be>fc(u(» 
BicyctE iwetcHT^fc^ieib 
NAO 5' wei 6 HT \eo 

LI 

ioqR>wefc. DEVjeuoPEO BV the Iuoeiao^vj 
Cb> PbvOCsSL THSSiPMFb BV THE BfcAtCb P fc 


TAN e 
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13.46 continued 


w=wi Q -t-\Aj w =is-+rco 

13S" lb 

Pv,j = W • 'VJ SINS M ul 
Pw=(j3S-l(SlN ts-') 
F\u=- io-z4 ft-tb/s 

Pvj=T.O.Z fi lb/s 


FvmO; 


W=VJQ+VvJ m » Vft+iBo 
\m= (9eib 

BEAK. IT'S, MUST 

tMsstPAre' Trte 
Roui 6C. &e>ie e.ATe b 
by rrte cute Mob the 
MAV4 <icnw& Do 00 Kl 
THe SU 6 PG AT 
lo W* 

Pb ^'W'O'KuJsiue^cvj') 
Pe^sHSlU t.T8l (,lo'> 
Pg,= H8.T f-Mb/5 ^ 


13.47 


giv/en: 

tOHMS Flow EATe,|fV\(t6-/H') l t(m'>,b(*«'l 
(b) HA^ FcowEAT^uHrous/HXlUFtt, b(ft3 
Horofi. <£FFVCve*OC.Y/>l 

FI top: 

PbweB. p \v» A.V 0 

(Jd) Powee in ftp 

(a - ) MATeeiAi 15 ucTeD to a height at 
a £Are ) Cw».a/'H’H^M/sO=(Mg(«/'Hn 
TrtUS 

lbOOM-*vi/5=hVl0 C--°° S/,H 1 V ^too / ‘S 
THo^jwciutiiOG norotz eFFvcveNCY 'b 
PCIUA- y^abCto ^/sl c 


( 3too■) poo u wife y^ 

PCflc-to^ O.nSMO' Syiqb 

*>£ 

lb) ftu = LvotroKis/H^Czoco ib/roio^Cbtftll 

k-t 3fcoo -S/H 

— ^b fMb/s \ 1 Kp= 5ro f-Hb/s» 


2.000 lb cae. t«3Aft. wheel Oeilie ,, 
skids foe Fttt&T toft with FeooT voweffti 
OFF THe GfcOOUD, 0.6,0 

0.OILS with ■SU0IH6 IMPeMOHOfr FOE 
HeHAUOttOS- (ZfcO F-fc w«TH fao°/ 0 OF 
VTO \wei&HT on \US AE 0.8J 

ta") hp b^Fcopeo at ewb of 6 , 0 ft 

PotTlOtJ OFTHEIK6 

0>) HP t>Fvieu>Pvrb ATthf i=no ©f ths 

ZAce 


la - ) Fiesr feo -ft CCalcucatf veiocvTY at toft'} 
Foate oeueEATefc by CEMt m)Heec4^ K w 
Sltoce CA«. StlOS. T»05. oovi«>7 

F= n .00 lb 

' NQtt-t, &.U& T,-o TV* 

T\+lAv- v—Tt. 3 «■ 

Ui-V= (FHC,oft > >=lllOOlk)KbOft > )='n,OOOfti1 ! l 

T v tU\-v= T^_ oti2,ooos imo^o 

4Jto ; =lTzH'3VJ.''i=23i8.4 

^6,0= 4*. VS" ft/s 

fbwee. — FUJ.O 

P- (n .00 lb} (48.15 fbM 

P= 5-7 780 ft-lb/s 

I Inp-'S-s-o-PMb/s 

hp = (-5-TTgoyMb/s N ) - IOJ.I 
(. SSO ft Ib/s } 

hp 

(b} ££b_ OF fcALg (CALCOLATe- VjeiOClTV AT 13Z0-ft) 

foe f>e«,t fcott, foecje- aeueuATBt) 

8 V f&zhe. iaj h eev_-S F*» 1700 lb (v!* 

Foe (tt?HMKJ< OS- (ZfoO-^t WITH fe©7o 
of voeiCHT e>u UtAe iov+eec. - S 1 THe 

Fotcv? oewtniA-teb at \TVFvr*JOvu<» 

o i u rs i^ 5 C-feoXvO=.@.fs)to.fc 0 -Hzooo ~1 
Fl = \^o )b 


T,tU.--L=T x l v —O l— -i— VaJ C> = l ooo a-?- 

- -3--^ '^20 Milo 

U ^ HFOO^of t) 

Uft—5 "ZOO IbHbO ft^T-OCiZO 
Ui--5l=- i^sn^ioolb^t t 

o + l.iTT^OO- looo ^Uio 

s n 

_ ' a V5l0= "2-04 Pf/s 

Rsujvae - Sd'Ouj.o 

P=(i° Zo l,D X7oq ^/'s>=Zt S 230 PH}> 

* 5 

hp= (213,200tl lb/^ - 38ft < 
(5So PHb/5/hp') 
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13.49 




looofeg c*»e-,eeAt whssi. Dewe 
sfids fop. FiesT 20 Kvt.wirn frout wntrecs 
OFF TH6 StoopD,% = O.60 
Eoh. 6 USITH SciDMOS IMPtfM Cl I MS FOR. 
26MAIWIW& 3SOITV1 WITH SoyoOPlTS 

wet&HT ou ee-AE. ooHeeti 1 ^ = o.9o 

pind: 

OO’Pousee pcueuopeb ATeub oFTowOoiiOihi 
Iblftyoee OtvetoPeo at ewb of rue fcAce-(fcwtInp'ij 


(a') (p p ) K =(p > (.H>=(AJ^ 

0-„ = ^ /t =■ CZ& w'i ^35 )=O.I8tUM 
iPp ) a =4 17604^200 Jt^lC^.8 MM <VXo.18<> fel Im£ ^ 

( 'P P V=i1 t '7tT=735-tu; 

(bl(% \=( p p ) I *2 — s 

(R^a* 'i.'JS-lw 


13.51 


Fiwo: 


HAWKUM UPTIME 
Foace,F 


giyeu : 

car hws^a aooAa 

UFT t1Aft6 M u - 300 (U 
PeAc vjgvociTY at d 

H'0 HetOHT IV) 

7.3 s IVJcILeASlUC* 
UNIFOe«L-V. Ugi/y I TV 
bezaeftses ouifooiuy 
To o () »j avjotwcp- 
7.5s 

PgAF. POMP POWgll., 
P=4> JdP, Wkt€TJ 
OCLOCITV IS WAMMOH 


U> FIRST 20IM ('CALCOUVTg UeuociTY ftT 2 dim1 
Fbto? teuelATO) BY ReAZ WHfcTL'S— 
f^'Mc.6 C.AR stiOS. Tivos F s a(p.<oS'iOc)OO^CO^ 

Ps=- Co,tB^Ooooit.^'>C c (%\ M/S t 'y= 4,(0 70.ft *4 
YJQg-K. AVID evieeov T,=© im\£« soo-u.^ 

T* + U 

U|-X— (lO wKFsV (loivi\(Cfc70.%vn 
Ul-7.— l3Z>4ZO T 
0+ 17)3,41.0 - yoo O a o 

°2o= 133,4 ZO/SOO = Z-66, 63 
ITio^ I4..33S w>/-s 

=CW, 7 o.e N'iCUo.ftsrrw/e'i 

T’OUiPG =■ IOft, 8lO 7/ s = 106.^7 k J/S 

i4.r/<,= 14.tO 

I lap= 0.74 5-/itU) PouX£H=(o9 ofe.r/s=IO<l.O Auj- ^ 

foweE <loq,o 1cuj) - I4C..ZUp • ' 

( 0.7437 CLu/hp) 

Cb) (.CALcot-Arif uecoc itY AT 4oow'1 

Foe Remaining. 3®om,iwiTH 
ftoVo oF\w>»ishT on eg At \tj nee ls 
TH e FoectF G(£XieR.ATeb AT (MPfcUAtN4 
■su&ing is Oj 4 Ko.8oM» 

Fx» (0.so'Ko.80'KioooiLQl( ( ).8lM/s t l 
Fr= 704,3.2 N 4 

ttJOg.ll AUA gUee&Y , FRO M 20 MJ® TO ZS^d) 

0- v = U..33S" W 1/5 (FlioH PACT VO 
J- (.loookgXU.sssw/s) 3 - 

x T a =-133420 T 

Tx,=WA A) ioo = S-OO U\o 

Ula-3~ (Fj'l(3fcO =(704,3.2 VlK&OlM) 

U7-T.S 2., Co 84,000 T 
Tj.tU-j.-jSzTj 

(>33,420 I) *12,4,84,000^ = 5DOlT* 0 
Ai- io =7e,066 


■FbuJts 2.= (.Pi ^( , 0 r , o ^=(^0b3.Z w')(7S.04,t iw/s’i 
= SJO.ZCO T 


13.50 


G-Weu; 

CAC HA43 M c = 12004<} 
UFT HASS, Hi= 300 

SYSfen ei«<rs 
Z.ftlvv IN 13 s. 

Fine: 

(a'i AvjgRA&e ^ouj e e 

OUTPUT OF PUHP^PpX 

(biAuire At,e eLfcCTftic 

TVti>« m ri /fl\ utfivxi 


3* _V ■ ■-» 

fooj fisooa Mq=(^l t tMulQ ^•(iijootaoo'i^ 

I = □ H r 


Ff ZF*F-isooa = iTooa LO 
SlNte KOTIOU IS OWlPoeMcV ACCIsCjedATeO 
Ol=- coostapt 

thus^froh cm s f is cousTAmr 

Au6 PeAp Poioetz octut^i 
WH£UTH6 \JGL OC.1TY 'S A 
^ I oeoMSTAWT MAIM HUH AT 7.5 S. 


^IVIAK 
7.S S 


^-7.ys -P->54-4 t P=(4,000 W')=(FK' v5 hak') 

^hax= (£>oco)/F 
thus o-=. C<°ao 07 /(I S'i(F'i (^ 

SuCiSTiTOTe 1.1-^ l pto CO 

F - IS"00^ = OsooO CtOOO'i/O.S-'jCF) 
F^-Cisoolt^X^iSi im/s^F- ( isPQ^HfeoooNfti^ di 

F‘ , '-i4Tis‘F->.7mo <> =o 
P= 14,800 10 


C7.55^ 
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F=t4-84-W 




13.52 Given: 


13.54 


Find; 


W= too TONS 
P= 400 bp 

ir= jo *vu/h , constant- 


^G.') Fj,,Poece Neeoeo to oueiicoh*r 
Axle FttcTiow , eotuNt e.eMSTAUcs- 
Aoo mk. e.estsrANce 
Cb) £»P ( ADDITIONAL ll\p TO HAIUTMN TN€ 

iA.ne &Pt?eD op A i-pe&onar g>kaoi? 


(d') p=. 400 bp =(s 5 Q ^HIa/bplfa0Olf>P^~=2Z0 l 00o (M il. 
4>-= ?o *'<■/'*= 73.33 P+/S 

fjj** P A) =^2.70,000 1.31^') 

^wsin© R— 30oo\b ^ 

— V-T3.35(H/S 

W= ( ioo rous')(^ 0 °o ll3 /e)U) 

( W—too,con lb 

C e=1 tAu_!_ = 0 . 5 - 73 ° 
l oo 

AP>=Wb(O0’\r 

C\P=(^ 00,000 lbU'5l^.s^i 0 'i (73.33fVi') 
AP= l4G,GG7ft*Ws 

AP=Zfc? bP 



GtveU: 

M 6 = 3ooo ^GlEVATG* HAS6 
MW -1000 A .4 .CooutetIM 6 to«T 
FlWO; 3 

tor> P(fcio\ heuueaeb BY 
HOT&B WHEN V/6LOC.TTY 
OP e 2>WS DOWN 

POD touVrPOT(0.e=-O') 
(.b'l PCILuA WHGtO 

Aj e =-3»w/s uPwacd 
O.e=o.rwfs l Down 


(0-3 Acc_>-rLtre_ATIOt-J " O 
CoonTe ewei&xr e 


■fit*. 

U^Q 


- USM 
u t i »r £ T^c 


13.53 




W = GOO TON S 
VjNIFOeM ACceCtTRATlON 
FROM OTO JOHi/h IN 40 S 
CowsFAUT SOHJm AFT6E.405 
HoBiBonTAL TEACVc. 

Fe. ,F(tlcriOlO AND DO(-0\tO<F 
Re<,l6TAOC6 =• 3000 lb 
UEGUTCT AiB 'fceS.WTANGe 

>: 

P PoLoec. Reejotiu^D as. a function) 

OFTlHe t . 


VM W ^ Me <t 44 = 3 * 1 /* 

*-tZlF=T« J - M u ,4 =*o + 1?F-ZT c .FT w _ Vlg4 -O 

T w =(iooo\jKq.ftIM/s l ) Zt c =H 8I0PV^ 00 °4g»BU 

T w ~<?9f6Kj s ’ 

Tc.- ^Sto N 

(CINEMATICS 

a X € -Xi. 'V-e. VJe.^T.O'*— fe W\/«, 

P- T c - , uz = &8iou)U>b''/s s > -s-8,«to r/i 

PCicw3= 5-6.4 * 

(bl (Xe=0-5»v>/s'*t % 0 6 =3Ws Ii 

CooNTenNEISHT (=U£ llATOR. 

r- ^lSt. 

w n •= iwi! Mwa w i e i = | e |[ m-© 



I Qw-o 1? =o.5im/s' { 

ObouTce u>ei&HT 2 F= MCL 

£F = T w -(%^ = H w a w 

T w ={i6ook^q.8i w/s’-'l+tewfe 2 )] 

T W =. (0310 N 

fcC6\/ATOK- 2F= Ma 
+1ZF= Z.Tc.-FTw-Hg^ -M e ag 

2T C *6oooAg^q.8l W5*-|p-S»«/s'')]-IO i\0 U 

Tc= 8810 N AJ- c =4.*v(Seeca^ 

T^-Uc. <6-3 lONXfc 
P=52 x QCoOT = rZ 8<>0 k.T =-SZ.eGJfe W 

P(JM= 5 2.*5 
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I *« 

I V»VV*t>VVW/v / / 


Ei Mbt 


Gwen: 

> fei= lzA-M/iv\ 

ak M/wi 

lv\ = 14 Il<1 

' initial po3inou,aocm) 

TO (ZI6HT. XT- o 


c <n HAxmon velocity, \t M ax 
( b) veLociT^ 120 imwi t^coM initial 

POSITIO N 


Use equivalent -speiNG coNvmvjT tsee P i3.sy") 

po^h spbiugs in seojes ^ £_ e= .fe.i4.-v 

(tr v 8) ^ 


INITIAL — 
POSITION 


•6, 

| —■ ~ 


O.IZOW 


la^ ArO^peiNG. t>e futctio n ,a 

v,= ° ,T, =-L wnAJ^ 8U i x 

thus ' j V= , Umax 

AT @0^0 T^=o t. 

V-s= i. 4 e p * =( 4 ^P) (o. 3)=2I4, M-w 

T,+u ( =T 3 ty* 1 "*■ 


■Su^-vo- 04 2.14 


/€ . 1 1. 4J MflX - 5.20 m/j 

<b) T x =4*v\\t,. = <80^ 

V a = 4 l e Yl HJ^Xo.iao^ 34.54 m m 

H+va-Vv 3 eu34S4 =• <^>+ 214 

-vJa= 22.4 B *Oj.» 4,76 W1/5 


choose O ikitial uKiijeR.ec.Tgj 3 Position 
V,= o x, =• V" OV*- 
CHOO-Sg ® AT Vo INHE&.6 \r=-o 
Vtu“X J^ t Vo Ti=-0 

TjW^T^+VAi. o 4 4. Vv\ Oj^ ^ fee 4 O 
THUS -v>,* '1>NAX=V. Y15T 

r 1 a ^ / \ • ma 


a i - 4Jk» 

A. 1 A. 


I^MAX ~X £ 




'Omax -Xo 


P caosgs deflcction -y. 0> is slowly applied 
( a^- spring-Gi It, an o 4.1. in seeies 
(b) SPEIMG.S -fei AND Jtx IK PA>6 .AlU£L- 
EiblP- 

SiNGLg i?(?0iy)M.6NT SPtifiS ite 
which CAu^es the sah£ "DeFLjecnow 


■system is no gqdiLi&eioM no DEFLecreb 
Vo Position. 


yj fc-| -4.x. 15 

I-AiWA-^—vka^v/v,- 

HJ5 -H- =• ]? 4 P 

J«-e fe-i Jti_ 

— -4 v-L 

k*r% ^ 
feselk)^ 

jpwwCrj 

i 7V Y'WK-l 


Foece in Both springs 
»5 the samg= P 


Xo=Y-i*-2j. 

Xe 

*•-.£ 1^1 

X -<1. 

_ -^1 -^.T- 

■ Jfei +-4.-J. 


DeFl.ec.TIOM I KJ 

Both springs is 

T«e sAvwe = ')c 0 


/-VWVVKA-jT” P-C^Lil-iti^Xo 

4 P= fe,e"Vo 

eQoAr/K4 THgTiuo express 10 ns fo&- 

P= (fci+A*Vlfco“4eX» „ „ 

__ Ife A I Xx 

13.56 


[—*o—| 
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13.59 


frWEfct; 


W B = 10 -lb 
collar. & pyai'; 
To euSHT^SVI. 
ano deceAset). 

uNDEFodnEb 
length of 

6KH 

Jt = i-€» ib/m rzt 

6KCH SPB.HO& 




(cO Maximum VSlocitV^ O'hMt 

Cb^HAXIHOH ACClSU: KJVTIO Kl O'HAX 


13.58 


Eittk; 


GIVEN: 


"vVAV^AVVV^l 



/ 


W=fclb 
fe,= SMb/iii. 

Ax® 10 ib/m 

4b 5 » 2 0 Ib/m 

initial DisPucEnewT 
Io- i.Bun.ToLen- 
FEoM UWSTECTCrtCt. 
Position 
t> 0 =o 


CAL'! Maximum uecociTV ,O m * x 

(bl Velocity at o.im. from tuaiAL Postion 


iwtial U—o.Tin— 1 

Position . ONs-rtcrrcMeb 

i.am. H Position 

(4.^ HKYIHUH VELOCITY OCCU8.G AT@ WHEie 
TK6 SpClWGS Al6 OWSTeETCHeO 

Ij=- 4 IM U H ^= ^ "Umax ' s h~ Q 

y 

T>0 Vj» 1 A- Tp.X4lQ.llo/f1-) (iA.W, \ 2 


T|+ V|=T 3 + V/'a 


S/ i = ^A.e‘T-o=(4miWft-)ji 1 ML y 
Vc = 4 7ZS" lb ft 
0 + 4.11S = 2 . \)L X +o 


U?.z fr/s^^.-RS-lb-m _ sons 

3 lb 

VWllt-Pt/s —». 

(bl r^= o£= 3 -vjJ- 

V?_— 4_^e ^x~ 4ZO llo/pf lJ2L_ ^ 

Vi.= 0.7I4G Ib'ft 
TitVJi ® Tj. t\Ji_ 

O 4- 4.T2.S- = A \J^ + 0.7i4fc 

(4 Qio lt> ff ) = 43.05" 
(3IM 


V^= C,.5G(“+/ S 


Vw- k- 5in —-m— 7m.- 

Ca"! l 0~UN,\\Apjr|—'WV' 

I A> © VQ^° 

L«r«U» S 


maximum velocity oooue.s at a \uHete the 

CoccAE. IS PASSING THIOUGH ITS 6QOIUBeiOH POSITION 

Position (T) 

T,= o jL=Q-G il»/iH.X ^ w -/$+}=- lQ.2 Ib/Pf 

l-oc=-1 s x + \r=- 131« 

PLoc= i 3 N».-izm.— 

5Lxc= S-|n.= £-Pt 


v,= 3. H^loS- +^it(AUc^=(^ 

Vl= 1T33 lb ft 

POSITIOU (2) , , -x x 

Ta .=x yyiVz'^-L (^!|')C HW c= i vr K ^ x 
Vx= o (feorn speio&s Aet oosni£TcMeM 


Ti+^i^I^t. 0 4-1.133 = 


^max+° 


U^ K = (1133 tbfr)(3Vt»fe*) _ „ ^ 
(5" lb) 

vb; MAXIMUM A<Xfc?U?BAT lOkJ OCCURS AT C UJHeEE 
THE HOel^oNTAL FbB.CE ON THE COLLAB. IS> A 
MAXIMUM 




ilHUc 


llin F ( -Jt M-oc. 


Z. F — atQ. FiCos e+ Fx= vv\a. MkK 

k&LocCose-F-tb aL»c =• iv\ CL„ tt , 

(i^ib/ftt \<g ^ 


8.GU = 


Gx=CI^U4 


• 1 a 

l£ &. 


[iolbl 
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NASS OF collar. 

nr»» . t 

•fe — 4oq W/iyi. 
undefoehed ,0 °" 

UEU&TH OF 
^PtlMt,Lo=lS0«il 

Collar. EtuAseX) 

Fhoh tesr at A a 00 ," 


(fc'l VELOCITY OfTrtf COLLAR. AT Q 
(b) VELOCITY OF THE COLLAR. AT C, \>c- 



GWEN'. 

HOILlfcOUTAL PLANE 

Mass of cou>e. x m=sao^}| 
UWOEFOeHtfc LENGTH ! 
OF SPeiklft.LoOgOBim 
fe= 4oo JtN/n* 

fiuo; 

(A7 VELOCITY AT A,Ua 
FOR. VELOCITY AT Q=0 
tbl VELOCITY AT C n Vc 


[-■—ns kkim __j 


”U*= o T*=o 

L_ 

"a A L^,o= 4ZSww - itowwi 

Cv L (1 0 = 2TTWIM =AT1S »1 


kL Ao = ZTTWW=y.-ZT5-»1 IWj , ; 

-jj 

tt’i UooW/mVn r/Tiw ^ ‘ \ 


Va’ •^ooU/*i')(o.TrS’w) 

„ Va= U.izsT 

T e>-^ *> 1 ^e. =(^9 )(y&) =(° ■is) ub x 

L — (3oaVuNi + l3.swnvi')’S= 32 51**1 

0 B D — L 6D - Lo =-(?>2S riw-150 mm)— ns nv* =0.11S to 

V B = ^ fli(L ao^ -L(4oo vi/irt') (ns’m') = c.rzsT 
t a +v a =Tr,+v b o+ 15.12 s= ons-o^ +&.I 25 


Ue ■ o 

h- ISO**-- 

^6=° T 0 -o 


Ta = J^im Oa 1 

Ta-(o.is)0^ 

t\L A = O, ISO W-0.050 W 
&La“0.070im 

V*=ife.(£uf 

Va^ 400 *' 0 * w ZimVoiOTO hi 
Va* 5 <*80 T 


O'e= (if.iiy-t,125-^ _(?.oo 

<.0.7S) * 

U fc = 3.4C> IM 


(b* VELOCITY AT C * 

/'''t—\ " t A= ° 

jP _\ \/a- is.itsT (.Seem* 

¥ !WW ^V^ A p Th 

(- nswm—«| 

Tc= \ W<= Livsk^KsSo.lS^^ 

t> L o c = Lo“L& c =(lSOv»»vi-IISI n'iYs: -ISwiW 

Ve-="^ MjM-oc^ 4^°° UMl _ 0.OT^w')" >_ 


TA + ^=T t +Vo 


Vc= o, iis r 


o+ ISMir= O.TSVe. + 0.12S 
0<>= ir/ons - to 


4 .47 m/s 


0.200 (M-0,080IM = O.llOiVI 

Vo= V fe. (M b ^*-L (400 >«?uM (fl.llOw^ 
Vb= 2880T 

TVV^Ta+Vc o.25 Ua%-980 =0+2880 

tJa= £880-980')/fo. 2 s) 
Oa 1 -- 7 coo m V 

^A* 87.2 m/5 ^ 

Cb> velocity at c 

Fj»>— F* •since slope AT B IS Posinve THE 
\j . component of the spaiiot force 
F P) Par.allel to THE RoD,cAoses 
b5> the QLOC A to HOO6 BACF TOWAtO A 
V B a ° 7" a -o , V 6 =zeQO T CFttOH PAtTlM^ 

Tc= V^ V <^-= 0.25<*■ 

hLc.— 0,100 wi- 0,080 W1 = O.OTOWn 

Vc. 3 1 ^Al46Lc')" 1 '= -^t4oOM0 1 N/ A A{o.070w'i= 8 o.0T 
T e ,+VJ 0 =T c +'Jc 0+2880 = 0.7 5\7c\80.0_ 

Vc's I (700 wVs 1 -" 


O’c* 105.8 wfc' 
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13.62 

] 

J 

MASS OFCOLl>e i W=3 4q 
VeE.TlC.AL CX>D, It-l-felN/lVI 
MASS 4 s poswet* bow*J 



\5"0 imim FttOK ITS 

h 

1 r 1 


COoili BtiOM Position 

4 

3 A - 2 6 kN/m 

aoq nete>set> 

5 peiKj<; is uwATTACv+eo 

E1N&; 



cas maximum Hei&HT K 

ABouis equiLieeiOH 
FtosirtoN. 

Lb") Maximum vecociry o-f 

THF COCLMl ,V MA » 


13.63 


fetv£N-. 



j o 

r 


ffAMMtJM HCI4HT IS teACWfO 
WHEN 0^=0 
THUS T,=Ti= o 


, Vj.O 

1 


11*1 V- Vij+Ve 

l - -LeQOiljBIIIUM POSITION (T) 

v. 1 POSITION \ W 

iortp- Q ^' 

| y rfl Total spiein^ oeFLecTiosi 

FEOH ONDEFLtXTeO SPBINCi 

Position 

"*,= '^g/'ilTO.ISO 

%.,= /ft. TO. 150 = (3fca)(^e>>"^0 + q.iso ^ 

(iftKIO* N/Wi) 

m=-00| l32TO.ISO=O.IU3»n 

(V]= V \ ^fcXlO 1 ’ j A*A(<M<>I3im')= 33.83 T 
EQSlliOijd) Vi=o4-iv«82,= 33.8ST 

C\yj\= ImcjCo.isotM ) = 3 ^ Co.isotIa') 

CVc V = ° CSPemG IS NOT ATTACHeD TO THetou/tl) 

Ti+V/^T^V^ o +(y 3 \ F (Vt'b = O V^lr+^e k 

o-t O T 33-63 = 0 + 33 ( 0 .150Hi')TO 

h- 33.8ST -to.l5O»»0 = O.WS- *« 

«lj 1 (q. 8 l * 1 / 5 *) 

la= looomw ^ 

(b) MAXIMUM UeLOCtTV OCCOES 

WHEW the ACCeCea^TiON = 0 % U. ATtQOtUWlOH 
AT POSITION! @ 

T^= -L^irvi ^3 — ~ l.S”'O m*.* 

Co.lToV^ 4. CV^O.IS’o'V 1 ' 

Vi,= C3li.3')(9.Sl8 i )(VlS0W') F-^C'Z.fe.xilT’U/m^O.U.lMlSow) 
V-3= 4.415T-T 0.1 too T -4-581 T 

l>V,=T 3 fV^ 0+33 .Bi=l.5^ fl T4.S'6l 

0* AX =fe*2«<Vl.r=l9.^*Vs' 

^«AX = »b M 


Vi ouneFuecreD 

-•—1 SP8.IOC. Position 

| iTQmui oejum 
—r POSITION 


-SAHe AS Pft.fcZ ATUSF-T 
e ACgPT THAT THe ■SPEIVJC. 

is attached To T*e 

C.OLLA E. 

y. 

(ASHAXIMiJM WVOCI+T Pi A&OU6 
Ti4€ equiueeiOM Position 
Cbl MAXIMUM VlELOClTVOF 

Trfe collac ,-Owxx 


Poe, it IQ vj 0 

-O l = 0 ) T, = 0 

V,= S3 83T 

LPtion U***CAsP» YUl 

AT LgFT') 


*0 IF©*' 


1 To Itons POSITIOV) © . 

-i TJ X = O To- = 0 

> CSfeY*. 


(VS ^xT (UTO.iyoV^CuTOA5o') 

(Va^-LJL (W-()<:,-o.iSoVT 3*.,= o.u,i3vn 

/ . . ax. (.PlS.fcT AT UeFT') 

(Ve V= 4. (T-t *'« N/huX^v - o.oii'iY 1- 

T ( +V/,= T^+Vs. 

0 + 33.8‘i =. 3<| ( Vv+ft.tso') f(l.3*»<? Hln-O.OI^ 
■33-83= "2.1. q h + 4.4lSf l.3xic?h*^'29.4h+o.ifc<>Ki6 3 
h^=(3S 83 - 4 41 S ’-0.1 lota X 1 o' "* V'.'i * 'O 3 


h” i = 7-2.499 
h= o. ISOO w 


sec Ebl at cerr 


W - 150 wiwi 


UKa.= 4 AiUmfe 





13.64 


13.66 



6IUEN: 


wn=3lt<j 4 Ik.-Z.L A n/m 


Find: 


* - 26 kNAti 


(^CoMPoe^sioW of sPemo 
from l>n deformed 
Position (F Collar. 
COMES TO 6 QUIt-iaetOH 
tb) MAXIMUM COMPRESSION 
\F COLLAR. It SUDDENLY 

ReurAseo 



g_ J( j tt £F*»(.l-fcxio 3g= 


Lt s^ C^xtei 

V - CZ txto 

lF-kS-<Z.txiO)S c =(lftll „ 


_C^3WlWs^) 

CZ.G*io 3 n/W) 

< a= OOII32 wi 

*a= 11.32 MlfVi 


aJ^«o Maximum compilcss ion 

I T occue.s uJH-eN veuoc.iTV 

I lu" M at (g) it zeeo 

(g) T,= o V/» — o 

TV=o 

€hAK= — 0 ^ Zfe4iW 

C2<oXIo*n7vm) 

?=22.foV"IW 



<s> = 3 o°— TT/fc CAP 
E.— i-z. Iia. sltt. 


Given: 

VERTICAL PLANE 
SPemfe .fe-3ib/Ft, 
UNOeroxneo uskXJH 
A 0,15 UNATTACHED TO 

collar , w- got. 
©= 30° CM= o') 
MO FRICTION 

FlMO: 

U3 Maximum wcicht H 

Abovje ft teMCMeO 
BY THE Collar 

(b^ Maximum velocity^ 
V Hpk)i op THE CCU-AR. 

MAXIMUM MCIQHT 
AQOUG B IS REACHED 
When the velocity 
AT e it jeio 

^=° 

I T e = o 


E H V= V * 




13.65 


gjVE N: 


STATIC * 

DEFLECTION, (\4.Vl = O.OGG 

4 st P . ^ A iy . g 

Proportiovjal iV B )-= ° C'SPe 
To VO. 

(\l e ) 3t -VW = ( 
4l^,WMGM VJ * ' 

is dropped fboh b To +v/ c =Te +y e 


ftS® 0.4H1 lVr?t 

(V c ) q =.wr.U- coso^l eoii (i^O- cotao 0 ') 

1 (iGol/ib) 

(Vt^o = O.olft^ lb ft 

POlNf g 

(V B \.= ° (SPRING \S VJM ATTACHEO") 

ii Ob fH 


Denote BY 4 Ain eooiuALeMT spring constant 

STATIC t)G FLECTION O F BEAM ISTHEN Lj^ = \V 


B -VT.*o 

w ' a 


B ° 


T,= 0 V,» WVv Tj.=0 
TiFU.sTi+V-L 

FPOPV EQUATION tlN, \AJ = it,y sr . 

^-zg^-z^o M m =^ T (i+Yi5r) 

<A»T ' 


o+ 0.4UZtO.O4>fc < 1 < }= O+OTJV 

Tl 

H=o4s-fcft ^ 

(bl TUe MAXIMUM VELOCITY |S AT B INHelLe 
the Potential ewetc-Y vs BeRo,17^=0^^,, 

Ti.-o V)c.= o.4H2 4-.e>LfcC4 = 0.4762 Ib ft 

T a = lb/sxift /< >-H» 

T B » 0.07<.40\J*„ 

V B = o 

Tc+'Je.^T^tV^i;, O t 0.4nB2=fe.aib4-1'UMA* 

< OThAx 5r 6»l • ^4 4tVs x 

^WAx=T85-f+/5 ◄ 
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13.67 

- VERTICAL PLANE. 

Ip 5P£lM6 ,fe=3lb/ft 

I '''v OF UNDfFORKeVi 

f \ L8N&TH A<J 111 

/ 12 \i \ UNFrr^CHet* ro 

A mm -\'l2-J_ COLLAR, C . 

■4 A S OFyneiftHT vm=8<» 

/ \ J 15 nei~e*%eo 

■ y PfcoH 6-eST AT 

AN MJtU © 

18 too FACTION 

Fvno: 

(Ol"i SHftLLeST VALOe OF © FOR. WHICH 
Tt+e coll/^C. Will Lfach PoiMT a 
IblVALUe OF Th€ V16UJCITV AT tTP.L ACMES A. 


(oT smallest anole e occurs whekthf 


AT 0 UjO 


OTe-o tr 0 ^o 

Tc= ° T d = O 
V* Ve «-Va 

Poimt C 

^Le,c=0^H»')=©ft- 


tOCLAB. ( W=t7l 

uNoei=oe.Heo 

lfh&th of 
Elastic coba 
Lo s e»Aft 
k= srlb/ff 
<u- A =o 


5Ptf?b oPCflUA 
(a.') AT B 
Lb") ATE 


<LT t = O 


E= I2in.= 1-P+ 


(v<.^= ^Ct-c-os©^ 


v/ ! / (!»««- 

Ui "° (VcVi®’- 

E= 11 in. = l -f + (V C V- W e 0" C-osgT 

(V.y ili-wss'i 
Vc-KW e%J_ 0-c.os el 

Point D 

C\/ 6 ) e =o (opeiuc, is u u attach ebl 
Wo = W (ze'i K^-K oSlb X’ p+ ^= * lk> ?f 

T c +v/c.=T b FVo o + i ^*>1 Ct-CO^e^ l 

-x T- 

Cl-?^© 1 '- (O.TlCOS ©= O.S" 
BYTE.IAL © - O.im K*0 

©-43.5° ◄ 

lb) veLOCiTt* AT A 
PoihT P 

^s-9 'o-o V 0 =Ub.£f (se£t>Atu&) N 

Toiot a 

Ti = 4 *vi O ' * 1 ( O-SlIQ _! 0?- 
1 ^-GZ.TWss) 

Ta= o.ooi^oO^ 1 - 
Va=(Va)q= wle) =(o. slbKl ftH.s lb 

TAtVA^TotUo 

o.ooimO'OfA -1 '^0.5"= o +- i 

= (o4.4 Ct'/V 1 

S.OZ ftfe ◄ 


L B F=vMmi-o 

Lqf * 1*780 ■fT 

L F e=V(v.fcVS-Ci.iV- 

- Lfc= i.q4i-P+ 
V=V fc W v 


(.(A') 3 Pis go AT B 

v** o a t a = o x Poimt A 
(Vo) e -= i Sl(OL M! ') &LA,=L AF -W^.Vl<l-0.q 
£ i 6 Laf“ 1.444 ft 

(Va V s 

(Va^£~ 5,580 Ibfb 

(Va\^=(W 'i U4^» tin lb') (.14 f0=3:18 lb-ft 
.Va =Wa )e + W^ = < 5.S-9GP3.'lS — ^B6 o Ife.fl- 

Tb=o.o4-i 93>'0- b 1 - 

^bV =i 4^'-bf'V 1 - Ci L aP =L Qp -L<r 1.180-0.9 

. ■*" I^Lbf's ©.©Soft 

We>W* 1^(.5'^/W(0'88o1HS i = I.93G Vte-f4 

(Vb\<W 1(1.4VU-1 lbXl.4^V'> =3.18 lb rf 

v e>We.1e t 0J* > '\.= l.Q3fe+l.-i8=s.7tt. Ib fl 

TAtV/^Tfc+VJg a 

ot 9.3<iO =0.04 l9"i\>5 V S.1 tt 
O & = 6.4.44 'iffi . O 4 l9V> 

(CONTINUFC) Ue." 9.32 f|/s M 
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13.68 continued 


Point a T*=0 V**= ^.IfcO Ib ft (FeoMfMTm) 
Point e 

(A^ e = o.k.(.tsL Fe 't kl F6 -Lp e -Lo= (,941-0.<too 
k.t-Fg= 1.041-ft 

^^ e =l_lS-tb/ffX' 0^^ X = 2.714 *b-ft 

CVe)^= o Ve® ani4 ib ft" 

TVlU^lfc-fOg 04 4.'ibo=o.o‘4IS^t)^F2Ti4. 

0£* 6.fc43X./oo4|q^ 

o.'» i5-e.4<i f-tVs."* ’ 

Or 1 17.54 ft/s 


13.69 continued 

d • , 

si 4>=° , 


41© C<b = 4o*') 
Vr-o,TrO 


/Dft roF> V.-lV.VfCU^ 

-i *■ \‘tr i dx 


mi©c4)=o 8 'i 

(Vx'i 


c m ^ 


a.ift t (o L- f aD ^ 

J- o Iff-■» 

(y,V-4>“ |b /^s« 

•xs lb 

.JL/__I lVv^ e =S4.8felb-ft 

S © <$>=qo° 

Cv, ^ - (xytb’^tl-.l«4>-S2^'lb 

_ , v Vi* ( H.8fe-S7.r=41.16lb ff 

hr® t<b=o°} 

C Vx'i e= ^Ife. (tS L Bt) S^ 1 (.(.60 ^ U.loilfi) 

(Vi.le.- n+i lb ft 

lV>^= c> lb •P+ 

Ti * tu w ^= h! 

T^v.-r^+v-L. 

OF 47.36 = 6.1Q81‘0^+■2-1.47. 

=( 14.^41 )/(CL'i8'ez 1 

ftVs 1 - 

'Ua- t 20 Pt/s ◄ 


13.70 


PlNO Tl+e UNVTR.leTCHGC> Le>4&TH OFTHe Spfcl 

-r- *<“ 


r ° 


e= TAM M. = (.104S- 

0.1 

© = 14 745° 


L Bo -M0.itHr^ 

t-ao* • i4o ft 


EQUIUI HS.10M 2.14*= U>.Vl(F. s SiN6V(25')l2.i) = 

F* = U^lbVl.lfQ lSl.^q lb 

, Co.iffX , siKn4.i4s , 'i 

CS |.39 lb = feoo 'b/ff^ l4L 0D ') 
£>1-00=0.10212?+ 

OMSIEJbTcHeD (jgViCTH l_o= L ao -4L ttti 

Le>= i. I4o-o.iozi>=o,8nt8 

^PeiNC elongation &L ao > voweN ^>= 4o° 

^Lao-Cu -PttO.lft't-Lc 


QLiic>= t-4 ft-0,6377 ?t- = 0.5<i212ft 


/ 

7 1 

u ■ 

/ 


/ 

r « 0,8 m 


C 


i-eiw i 

ICLBASeb FROM 
2EVT. NO FRICTION! 

FlUO: 

force on pellet, 
wo> rusr before a 
lb} immediately 
_ A ft eg. g> _ 


B / V, = 0 T,-0 V.^AUQliatfelU 

_xgN</ v^ii^.Bimiti.iwUVl 

r PATOM © V| ~l,7 ttT 

Fx' 4^VviOx V = \(3t^t'U^')=6.iru > u 

Va= o 

riW,=Tx+V^. o-H.lfct, s=0.lSUjV) -U a = \\.17 
dal nlmq . ' 1-t 

_ \ s ^r Ck fz F =• M03coalo°= o 

t/** N=(o.itgtWfit* }(fj◄ 

M ' t ZF = N-^C05«f=»bs7AL=(o 

KJ=2.SS-F4.4l=.b.9fcN U=fe.%N 


velocity op 
BLOCK- C AS 

it parses 
through 

(^ = o 


GIV6N'. 


EQUILIBRIUM FOB <^»o‘ 
system neceAsets from 
Hevr w«6M (b-^o 0 

NecuecT wEiENT OF eot) 
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13.71 


GIVEN: 




^lociTV AT C 
t A 'JO'- 


>/ 

/ 

^30* 

r - 0 H m 


[c 


50 og peu.eT 
RELEASEO FEOM 
BEST. NO FEICTION 

ui: 

force from thf 

SURFACE ON THif 
PELLET, 

Cot TOST BEFORE c 
Cb)7OST AFTER C 


'Or A = O Ta-o 
VA-=Co.5l9)^.8im)(o.707i«) 
, DATUM V/A=e.oatI 


13.72 continued 

(at ■SPee.D *T c 


o ft =o r B = o 


l.RStNiO 0 0.8U-C01(St Tc = 4_IV1 Vtf* 

= O.Girv> — O.IOTZHV1 

Tc= 0.V5" *utf 

Ia+Va — Tc+Vc Vc-° 

otR.oei= o.trUcS o 

O-t = t3.<373 w 1 /*,’- 

(a't NORMAL FORCE JOST BEFQRg C. 

Pei_u?T is in THecutvtf CQh-^Vf') 

+1 z. F=*v>tf/V 

Tn ma N=^(^2Ic^ 

N=(o-^A- 3 X^'S l va., 1 -1 3-873 

S cp.e mo t ' 
N=(o.*3H4.$t +- 1*1.34't = 8.1 S.N 


Ma 

cl > 


13.72 


ftSLUTr IS ON THE 
STRAIGHT SECTION OF 

the surface o'* 

VttoT 

4-f 2 .F=. N-w^= o 

N*o.*34=2.44 KJ 


GIVEN*. 



V-^Ulb^ReieAseti 

FROM REST FT 13 

k= I.fclb/w. 

UNsrueToieD 

SPRING length 

Lo= 8 m. 

PNQ; 

Cut speed of rue 

COLLAR. at c 

(.btFoe.ce eveereo 

3 9 T H£ ROD on 
THE COLLAR 

AT C. 


Vb = NbX f(.Vo ^ 

<!*''£<*"/ bL ktt> = \3.T4Sm -Sin 

(T\ Mab* 5.7^611=0 A73^t 

t=l.8lb/m- 

0 AToh (yBV-’Vk^Ue^ 

X. Xan^-i ^ ft 

(V& V = 2,4 - 7S lfa 

(,V&^ = v7 t =(l.7Ibtf .fe f0 = 4>oo lb. ft 

V& = Ivte^c + = '4'478F0.600=3.018lb ft 

^Tc- »*,V tc^sw,^’' 

Tc=0. 0 \<B(oM Utf- 
CVt'te 21 ■!*. lb L ac n i 

M_ac= (7.3R41W-ftm.-4.3<<>4 m.-0.3G4 ft 
CVc-V = a.( a, fe lb/fOCo.3t4X= 1.4314 lb-ft 
CVc^= o 

C.Vc) = (yc') e +Cv/o')j= 1.4314 +0= I.4JIC, lb.ft 
T' Ej +V & =-T c _4\/c 

O + 3.07 e>= 0.018G3 4 Utf-V 1.4 314 

'*-}«?'= C3.Q 18 -1.4310 _ 8S.34.tf 

Co.Ol8t34l V 

Uc.-9.40 £1 ^ 

(hlFOU.ee OF Eon ON COllAR ATC. S 


f F, *»1\ 

, mu) 1 - 



7^ 

F ^ = 

%fw e = ^ 




\ X3--TX, * 

atc. 


LA^Vii'+tf-t-v* = 13.746 m. L^rm 1 =11369 in. 


/ Ppp- 

> w F * x <ii 

= i.Rlb e,=TAN_i=. 14.04* 

Fe = (fe. ^LfxcXcoG© L+Sin©10 

f e =C7U.GXf-3fc4')(.C.OS 14.04 # L4SIN 404°! ^ 

5 ^=. 7.4.76U I.9CX-4 4. Ob'! 

=(Fk+ 1418H+*<Fu-' l.l"ti + l.40fci=^\+w4 
F* hT&Cfclb^o F.J=I.Ub4( IZ l^teg.-auX/s^ 

Fx = -7.Gi8le 3 (iiif+/s4to *^-7 
Fu= T.78lb F=-7.t3lbCF7.78lb ^ 
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GIVE 


13.73 


13.74 


Ed-cose) 


VERTICAL PLANE 
VJNOG FORMSO 

length = arc p>b, 

VJNATTACWtrO TO 
COLLAR. 

CO\-L-A S' W6I6HT 

w— 8oi. 
©>30° 

collar ReceAseo 

FROH REST AT C. 

FINE: 

£0.1 veLOC rry at B n v c 

Ibl FORce ON THE 
Collar feom eoo AT 0 


Vc* O ,Tc=o 

T B =i m VrJ- 

r -JL ( 8 0 * 1 

S'- 

» T B -= 0.0776 4 tr^ 1 - 

Vc“Vt 

AEC BC =* UL = p.© 
sc ®o ft„ 

t ' L R C = 0.SE3fe'ft 


i n 

4 25 m ^ i 2 

Li *t 


6iv£N: 

Pacragg", mass ho= zoo-g 
initial velocity > v 0 
friction Less rose 

O'* TO 66 IS OPEN ALONG CietOCAK. ARC 
(Z'JTOBe IS CCOS6D THROUGH OUT 

EiMHi \ 

to SHALLfcST VELOCITY FOR PACfcAGO 
To Reach Point c 
lb) Foe.ce exgaTeb by the package 

ON THE TUBE 


10 (1X3 

^Va 


/ , 4 2_ WUn -(J.i 60V?Tt • ^ 

^e = 2^ lb/ ^ + ^°.5ii4ft^= o.4\\2 ib.ft 

(\t^a =WE.Cl-cos ft~)= leot) _(i fO( 1-COsB.cf') 

(Vc)j= 0 . 04 , 6,44 lb ••ft 

Vc= tVOe+WcTj™ O. 4Hl-t-0.0<ofa44=0.47g2\bf| 

Vb = (VB^CVe')^— o+o= o 

TL+^c—T b +Vb ot0-4781 J =&.0 77fc4\J 8 *- 

0\?= fci.54 +t7s’- 


THe SMALLEST VELOCITY AT B 
WILL OCCUR WHEN THE Foe.ce 
6%6RTeP BYTHE TUBE omthe 
PACKAGE IS iERO 
I H“0 

B 6 = a 

I 

^“ a2 -9 r 


7 T B i 

t.T T 

*3= 


Jm f ^F= OF HnQ = tvuj£ 

111 d T 

g r =(<\.Sm(i l ) (o.s w) 

8L6 ^ a7^=4.<4os mVs*- 

T a --L_vm/0 o Va = o 
at B 

Tp = 4.v*'tfcr‘=i M 14.^057 = 2.4-53 wi 


Vb=Itvi4U s 
A = Trv Wr 


Ta+Va=Tq,T^B 


'Oe> = 7.8S'f t/s 


•~ VU'vTo +O=z.4S3h0 F3W4 

' lJ o 1 =2L(Z 4 53)+ 3 (q. 8I> T= W.7 7 


v/®o.ylb 


f tY.Cg/E. 

n—» Hna 


Ate 

T c = -L to\ U-J* \/c= iMg (.7-5 w) 
TA+VA=T t fV c 


Ar 0 -7.<?4iH/3 


+ f Z.F= Ffc-W= itt\)b/e. 

Ffc = 0.5 lb+-( Q.sU>V ( U-54ft:VsM 

c ^TTt7^| ~(T?0~ 

■Tr= 0.5lb + 0.454,4 lb— (.454, lb 

Fr. = l«45fc lb 


-L^y^+O =-^ iM^-FT-'^tTlg 
Oc=- Uvn- (SOft-ftl}] 

“CfcV 14-78 mYs 2 - 
(b) 

—□ Mc=W0^= fc.2i^(l4 7Z^ 

Nc f V ^u> r u>. s'Ail 

MIX. Y [PftCCACF OHT06EI Nc= 8** N**- ^ 


146 




13.74 continued 

(Z1 10 ^ 

U«=0 £ 


13.75 continued 



;ktu»a 


THC VELOCITY AT B CAN Be 
N6AK.LV 6QOAl_ TO tefcO 
SlNCS THE WEIGHT OF TH6 

Package is supported 
by the tube. 

TH03 % \J a =o t b = o 

Vb= wa (ttw to.s'(M s > 

V b =3% 

Tl-i Va= o 


f “Ue 

cfl* / 


Tg + V b = 7atVa 


0 4 2,Wg = -^ 1/ 


= -L w\\*, +o 




T>.tVA = 


**? 


Oi* 7.4,7 O 

wi U c Vc~ w 4 (.7- S' irv^ 

‘T c +V c viaO-,-^ o = ^to\7 £ >-z.5-|Yig 

M£» <5*^-5^ = 4.8l iMVs 1 

D "ni Ow* '•Z. F= N c — VM dt^/ir 

J r Nc^o.7 6<jH^8|wA i )^.s'wO 

PACLAGe ONTO&e, Nc=' 3 - < ?ZN-»-'^ 


13.75 


\E\i 


6LY£Cii 


hncj=0.2g WOr 

+|ZF= 0 4 vmg = viA^a/r 

g r =C4 8iw/ s l Vo.5^= 4405 - vmVs’- 
ltq= a,jirw/5 


*i n 

I 4 25 m 

OATOM^I I 


1ST B 


THE vetOClTV AT B CAN WOT 
B Lg** TttA K1 t.TlTm/i 
IF THE PACFAG6 |*> TO 
MAINTAIN CONTACT W»PH THE 
TUBE 

FOR -vr t TO Be A«> ■SHALL 
As Vos-Gi bl6,V b moot lie 
AS SMALL AS POSSIBLE; 
THAT IS U 6 ^1T|5M/s 

T e= i. w\ A^a-1 t*\ d-lieY 1, 

S- o. 


" r B= Z-4T3 m 
l/ 6 = m^(2.?-i-0.5'l= Bwsg 

ATC 

rc»^.wo«> 

Vc- 2 -ewOj 
T B +V B =T t +y c 

7..4S3 m + 7,^^.= ^mD l V.S wig. 

z(2.4S3yO.S(4.S|m/s*)] 

TJ c X =M-.7Z MaVs*- 

”Uc= 3.'S34, w/s >3.Sw/s 
thus,loop 01 cannot meet 
the B.6woie.e«eNT 


(b) Loop US 

,! i^V 


vei/>citt at c n < 3.5 w>/s (eEQuieecs 

pind; 

loo pus But not loopco can 

SATISFY ttC^OiesheNT THAT'0^c.3.ew/5 
(bl LAtSeST AllO VOABlE Vt LOCITY V„ WHEN 
UOOP US IS use D AND \>c C 3. T W li . 


U 1 ) u»pco , the smallest allowable - 

VELOCITY AT 0 will OGC.UR- 
WHENTHE Foece exfUTeo BY 
the tube on the pack-aci? is 
B 7eeo 

I ~ T a 

* T /I 1 ... i V 


wru * N III'" I i*:=3.?m/s 

W|. i ii4 T^l^CVS^ 

4U 

( 2 ) T t = 4>. usrn 

Vc= Z.SYMg 

Tfr4Y A = T t 4V c 

= 6-I2SIM +-7Swg 
Vo= 3 (6.115+1.5^= lot's «MVs 
470= 7.S3 w/s 

Wote : 

a LAdcee. velocity at a would ilesolt in 

A VELOCITY AT c 4 GILGATett. TH AN VSl^/S 


1 

25 m AT c 


■ALA 

JW=J- Irvi0„ 

a 

Va= o 
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13.76 


0 IVENi: 



FIND: 


*LL PACLACeS HAu£ 

the Same weight 
An o \j=o when 
e=o. 

<.p) maxihum © 
tbl tension in TNI? 
COB-D^ F, INMEN 


(. 0 .) 


I*—1 


®HAX when LT= O 


£ PATOM 

-® X 



L= t-E N C.T W OF 
ONE COED 


Co. - ) 

POSITION © e = Q 

' v ->A=°- a = -a c -o TJ=o 

V| - - zw (.L-a.'i 

Position © o>-*j.='0 - c = o T, = o 


©= © 


MAX 


Vz=--Wa dTfKUU. -CW B t\NcUL-iL_^ 

COS 6 h „h 

V- 2 _= -W (a.TANO hA , + 1 L- T.Q. \ 

CoS ' 

Ti+V,=T^ 

O-ZW^-a'i* Q-W(flTAN^ |)J1 l-?/ -20- 

00^®HAx ' 

-iCOS© M * x = -SINGh A.--2 . 

©max *=2 . 

BVTEIAL ©. = 5-5.1“ ◄ 

(b) AT 0 = 5 - 3 . 1 ° 

+f2F=ZFsm©-rvv3=f^0L ft 
2 FSIN 53 .I 0 —V^—^Ola 
1 .600 F-y^^o-a M 


V , P 

cX H^= Q' 


w= vnfl 


13.76 continued 


£ 

i 


p +t t.F = F-r«c <^ = — InAiOc 

= c | F- V/^=-V4rt - ( 2 .') 


I 

iMt 


F-v^=-\^ca^ 


Fi HEM AT ICS, ^*=-^A Gl«l= 

O^TAN© y t =L-^ e 

ti *-0>e<7e © 

let -P.C^-a-sec’e 4c= <itan© 6 
* ° cars© 

V= 4 a (B) § pfA^ © LET f c = Q.TAN0 

d COS© 

„ y^-( ! c e+PcCe')e 

^©hax 

t hu s ^ - - a secV3.i°) 

tje. •f c _C5Jl“) 0. TAN(.53.l 8 )/ioSS3.l' 

Clx _ | 25*0 fl-x 3 Ii25-O0.c. t3") j 

o ~C ~ 

Replace Qa in tn BY I.Z5-0Qc feom CV) 

Wa-W^W^W 

(i'i i.fcooF-w= ^ (lasoa^ 

cz*) F - W=-W flu 

l.fcoOF-W ^-LZSOCF-W'i 
Z.€S-o F — Z.ZSOW , 

F=-O.T8<>W ^ 


13.77 



GIVEN-. 

V/A=2lb 

We=W c =3 (i 
a;*o^vnhen e=o 

Find: 

<4)Haxihoh © 

(b)TENSION F AT ©max 


RCFERtO FIGURE IN 

pm«. (<r» ft left 


(01 6 = 0 T,= o V,=-(W 6 FWcXL-a')=-4,CL-a'> 

^9... T a - O V x = “2 <VTAH 0^-(L- 0- . \ 

T ( +V.=Tx+Vr ' COS ©Max* 

O — Co 0t-0> 0-20iXNH%-(cttr .&___ \ 
-feC03© K AA=25'N©HAx-«> ^ "* 

BY TRIAL © h ^=3M° ^ 

(b)BeEea To<b) Pe©B 13.7& 

2FSIN 34,.‘J°-WA=^PaA 1.701 F-2= 

F-Wc=-S^0ic F-3~-|-0U? 

EINEMAT.CS &,*.<}* »•“* ( 3 ) 

SOLVE C3^ For F . 

F=R.3«lb ^ 


cn 

ui 
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1.78 Cive.& 

- pAcjcAaes EectAseo 

from rbst at a 

^ CHore 13 BANKED 

^' 8ft So that packages 

Aj^^srapg;> Do not touch its 

fe 06 fc"s vjo peicnoM 
PACKAGE WEIGHT, 

CHOTe IS A 
helix w ,r« 

yS" ** Jf , 

PeiMCiPAi nornal 
HORIZONTAL And 

bieecre D 

(DO ANGLE <*> FoeMCO &y TOWARD 
the NoeMAL to the" 

SORFACG OF THf CHUTE 
&N THE PRINCIPAL NORMAL 
(b'i MAGNITUDE AN DHLECTlON 
OF THE CHUTE ON T HE 
PACKAGE AT B 


6.XIS 


13.78 continued 


cHcrre fe. 

22 

> 

y 

mm —' 

-HomoNThU 


u A = O t a = o 
V/a- kvi^ w 


p) tan a ne_~ ifxN zntsm p’ -13 - 42 -'* 

^»tV b "V° l’ **b=° 

“l4»—« =W- J s,Mte 

/\, x™* 

t n irrtfL 


*—n = <srT"' 

v x™* 

t N 


iria b =o 
since Q t - o 


-tam<ip=- Nb/Nn 
taw 4 > = vU co 9 p/ ZQiJp-ip 


iav\4>= (£/t(lrv-t^ e.os(3 

Gioe^: e= (,-^fe? 1 -^Cl+tawj8)=_ 


: _R_ 

Cof-fr 


THUS • 


taw <t=_e_cos &-_£L__ 

■xCfr-»p ' aOn-^eosp 

ta«(b- a ^ _=. ft - 1 ^ 

ZCIT-^^COS w-3i7“ IV-y 


Cot 4>^ o.7H 


4 T d =i w \ u x 

2 ^ i Vp-w^ = irw3^ 

t w , ALONG P^IUCI PAL Ta+Va = Tp+Vp 

NORMAL HORIZONTAL 0 + Hwflh = lW'l'/N-WQli 

and Dutecreo d ^ dJ 

Toward y axis \j = -rc^CIa-u^ 

tfc ,tangent to ceuretLiNe d 

OF THE CHOTe 
£ b/LONC &INOE.MAl_ 


(bl M. Point 6 o Foe x, i^e. axes we 

weiri? > with w = iolb 

N*=- Nb^'N(s= vocosfbsiw^ —(zoibicot 14 . 3 ttiriMi 1 . 1 z 

Nx= 4 517 lb 

Net* N b C 05 S- V4Co5 l A«. (idIIp')C 0 S J ’W.iV) 6 
d WAZ1 II# 

Klt= " Nw’-tw 

£ eTcoi 1 ^ 

H>- 7 ( 10 lb') lutt-ol cosV.32i“ Nr= -Si.TtslI 
_ &$t 

N=Vto. s n V-Kib . “teiY- -H- «>.ifcs') -1 M = <>o.o Ifc ^ 
cose A =^ = Xn e*«3s.*i 0 ◄ 

C05e r ! N =, ^t^ &fll.(.* ◄ 

cose 2 = " " ~(]t- 6%-ifci.** 


13.79 


NOTE : FACTION is 4GR0 

ZF4 = vwa.t wi^sin^ =iMa fa (Xt = ^ 5, N(i 
ZF b = wab N b -VJC 0 S< 3 =O N fc =WC0S/i 
N rt = wat Win(h-1<] _ 

c ^ (f 

ri+e total no7hal force is th^ 

tlTSOCTANT OF N b AND Nh( v LIES IN THE 
b-vtf PLANE And foEMS A.NC.L8 4> With 
Oi Axis. 


Given-. 

f is coNseevATive 

SHOio that : 

£El^I!jl iF " - dh ‘ dF ‘ i >F ‘ 

dy 3x d: dy & i* 


Foe a coNsee vATiue force > (i».H3 Host 
«e»nwi«D ^ Sv 

^*- 3 ? f 3=-5^ N- 5i 

NOW INeiTS o'Fy _ - p^ _ p*V 

cT^ - <5x5^ 3tjdx 

6INCE e^V — . r, c *jrv 

^ 3*5*' 


5^5x 75 ^ 

we OBTAIN IN ^ siKILAB wav 
3 F^ _ 5 F% <3 Ft _ 3 Fk 

<5«J ax “ 3i 
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*13.80 




13.81 


ilVEja; 


^HOW: 


la') F is a coNsetvAnve Foece 

E1NQ: 

CblTtte' Potential functio m 
AssociAreo with g 


<&) f"x — 3 ^ /l^yt Eg — iX/X^ fr 

THUS ^F* _ 

«*5 .?X 

The othiee. two cquations Deruveb in 
pboB- ra.so hie cnectte-b i*o a similar. 

WAV 

(bl eecxu. that R,--^ , P*«-fjj 
Fx — V* -1m xt f («j,s') in 

V= -flw^CzoA 

Pi® 4 a "5j V- --VtTlAtx^ Q3^ 



PARTlC-Lfe Ply.lf) 
Acxet) upon ay poftte 

J 

INASTHFIi p \S A 
coNsefcyATive Fotce-, 

and com Puts ths 
woe.vc. of F wnevi 

POAjp DesciuBes A 

path abca .clockwise 
For. , 

Ca'vF^Jty u 
(bl E-llUCPXi'l 


FQOATIN& O') A HD (.t") 

-£/VTXTf(<J,Z'> =*• -J0VU^+-^(.1,X1 
THUS { (u,^ =■ -Brt. y •(- A.CV) 

<j (Z,x') - - j&vl*. -v 4. Ce') 

EQUATING It') AND (.V) 

~^V11 T Irt (x>^) *= -JlviL^f 

ft tt ,X')= -Jrfll T A U') 
FeOM CS’I / 

$ U^O = -^v\ x +■ Jew- - ) 


THUS 


FROM (. 4 ") 


4u-'>= -j^vit 

lWi = 


,2^ = -J2m -j2m. a- 

^OBsriToTF foe vw CO 

V= ~ iWi x - J 2 m ^ -jGm i 

V- -Aaax^^tC 


CiO Fx=4h Fu = o ®£« =J fc <^=o 

° 2)c 3 y <5* 

TWOS ff IS fiOJ CONSERVATIVE 

^«cx= jf- d !C *■ 

XBCA A ^ “ 0 

» +|4 1J t.ax J . 

]'=o p is PeaPeNDicuLAft. td the Path 

A ’ " 

c c 

*(dxk+<lu$'1 = 

q B 

From Btoc the path >s a ^oWLres. 

CIRCUS’ WITH OC.IGIN AT A- 
THUS 

U = n/Ol 1 -* 1 - 

c<* £ 

along bc. j4ydx= f tv&c^dx 

B d ° 

— TrltO^ 

A 4- 

i-fe^k-dx^. = ° (^=o on a') 

C. 

^ABca* J + J * \ ~ ° + + ° 

A D 1 4 

^ Fx=Jt.^ F^Ax ^ = 4, ^5 = A 

cPX 

< SZi=:^Fu % F toU^BRVATWS 

c)^ 

•SlNce" A Be A is A CLOSED L 00 P AND 
F IS CONSeP-VATlVe-^ 


I ARCA' 
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13.82 


* 13.82 fr)VEN : 

—-- Potential 

* FUNCTION 

E (xV<f« a V^ 

K' Ass.oc.it.-re O 

■HKT’ ! WJ«TH Force P. 

ConPONlsVTS 

* OPP 

* (b'l 

W Ofc-K. OotsE" 
Gy P FR.OH OTO tl av 
I NTeCRATINo ALONG* 

r«e path 0^0 0,^0*60 

SHOtO T HAr Uo*. g c r-AV f , f ' 

lO Pfc= s ~ < n» 1 +a 1 *^ * = y.IxW*?'f V "^ 

^ 3>* t/ 1 -v, 

V^-p =- a-(xS^ t V - ^ 

p 2 = -^v —-*. Q-CxV>f 

lb) UoMkc. — bl Of, T U 0B 

<P-A AND P* A«.e petPe NDlCULAR. TO O-A 

Auo Do NO woe.< 

/-L$o, ON O-A Y=y=0 ANoPfc=l 

THUS Uo-A=^d»« Jdl = a. 

o ° 

A -0 P a and are perpendicular To A-B 
AND bo no work. 

also on a-B u — o , t = Cl and 
P* = ^xHa'V' 1 

Ok 

THUS l^.y* f *dx ^ClUI-P) 

j (xWy/t 

B-E> PxANbPg Ate PeepcNDicucACi ro 

S-D and do no wont ,. 

on ft-o *ic r -a. a. v^=.<$ A^Vza) 

™ us u,,> '‘ |( 8 a «wft»)^ d ^ =*j V uJ ' a | 
Ubd - (.atoof') -(zo 1 ‘)=al(s-PL'i 
UoAbu^JoA^A^ U ftD =- a-f-a(«x-0+a(fa-^ > ) 

^OABb" fl 

l/j. 

£Wo 0 = V(a 1 a.a)-V(o,o^=-(& l +a , «£') - o 

fWoo=- Ci «5 ◄ 


13.83 J 


P-CFeR. to FIG, p IV^g ON THE LEFT 


<^NE N’. 


FROM solution To<gT oF PB .06 I3-8Z 
£=■ *-i=+HfH-*4 

tV l +.y I »-+-£‘-}P»- 

EiNfii 

WORL DONFBV P ALON& THE DIAGONAL 
OO 

verify : 

Cb)T hat worldone around the 
closed rath o a is do i■=> eeeo. 


to pf e 

_^l U_ Uoo =J E .d f 

/V- /A- 

/_/ 

• / A 

K=* Al 

dr =:dxc^dcj^+d^4 

" 7 - 

Alonc the oiAG-onAl 

THUS P:dr= ., =.V% 

UV^V'-L 

a 


Uo-0 *■ f ^ dx - <3<L 


UoD= 


UoABbO - 1^0 AI 50 + U 00 

FQ.OM PRoB IV31. 

U 0 A 6 D = 'Ti ^ AT LEFT 

TMg \NOet DONe FROM D TO O ALON&THE 

Diagonal is the K)e&ATi\)& of -n+e Woeic 
oooe pkoh otoD 

Uco c "bloo —-’Ti0- (0)ftT(a. > )l 


Uoaroo — 'fSO- ~Vaa ■= o 


THUS UoA60= -^00 




* 13.84 

F= CVL 4 Uj^ 4-2 4 )/Cx’+<i\ 2 : 1 ') 

PRovg-' 

F is coM'.£«vf,Twe 

find; 

O^the Potcntial FowcnoN s/(x^,l') 
_ _ ASSOCIATED W ITH F 

f? = ^Mr ^ - itfci Ua , 



3 * 

THU5 "If? — £ ^U - 

<D^ «D* 

rue other. two equations c>eRiut~c> iu 
Vfeoo tV7q Ate CHtCttD inASiHilaB rAS*HOKi 

tbl BttALUMfi, THAT .F^p-$j , Fj - “ 3^ 

< 2 V/ f ,/ 

(*• " 5 x V--] //uVj+i*) y? ux 

v= (.xv^rv-f^ 

SIMILARLY IMTk-6tlArrN& AVJO ^ -shoioSihat 

THe UOICUOWN FUOCTION kxij’) IS A CONSTANT 


E = - Tib ISMO (n-wi) 

r 




E» = ~ 7lfc * IJ =H7.0O^MO T--n,oo3ST 
4i.l4OXI0 fc 

<a> at 3oo ikvo ( r,= (o.fe7 xioV'l 

E^ 0 .= - ^ < l< ?^° 1 ^ =HO7.4-2LAl0 q T=-IOlAZ GT 
300 fc.feTXlO 6, 


y = _l_ 

IxHqUm 


13.85 ‘aivifcL 


3C.OO Utj LAUNCHED FROM ACtecOCAe 
ORBIT RT 3c0t.ro ABOVE the fcAKTH. 
ALTITUDE OF GEOSYNCHRONOUS 
UlRCULAR.'l6tBiT = 3S77CI Jcvo 

|5 

(alE nergy needed To Placet the 

SATELLITE INTO (ieOSYNCHRONOOS 
ORBIT FROM 300 fevo 
(.b) FNei&y NEEBCO TO Pt-ACCTHe 
SAituuTe imo a geosynchronous 
ORBIT FROM Trtf EARTH (.EXCLUDE 
piie lie s (stance 


additional eNgEG.Y A0 ?oo = E^-e^oa 

GF 3oo = -n.ooSTiai.AZ 

bt-ioo-VoAGl 

lb') launch FiioH r ne earth (13=0,370 twl 

Ar launch PAD E-= v=-- - q Ee w i 

*« lie 

£ e = -^.6lW/S,ll( (o370a( 0 »o')(-3feOOw4.g') 

£e= -2Z4.AfeXI0 q T =-iZ4.QGGT 

ADDITIONAL ENERGY CXF e = G;, 


k£e= -aoos-KLmQfe=2o86:r« 


13.86 


G I VEN-' 



Pi— 6>3”10 4.1*1 + 3S"770-ILtM — 


42-140*10 w 



ri 

kj; 


FIND: 


ORBIT «CT 7,00 



Y,= 6B‘Io4m+30o&m= s L.LIitioV 

He = -Gl> 7 o fet*i 


Fo2 ANY circular orbit of radios y the 
Total energy e =-Ttv-J_ imu x - gom 

M = MASS of THE EARTH 
W-llfcOOiLQ-SATELLITE MASS 


i^/Op = r P /r A 
0 ^ = 80000 ^ 
Elliptic orbit 

ENERGY PER 
UNIT MASS F/*v 1 
EeqOliFt) TO 
Place the 

SATELLITE IN 
ORBIT 


DereevuNc tmc totai- Eoe«G»v pen 

UNIT HASS FOE- Trte ELLIPTIC. 0 R.BIT AND 

subtract fmh it the energy per unit* 

HASS ON THE EARTH to GET THG eMEaGY 
P6K. UNIT HASS NEEDED FOIL PROPULSION. 

^%cLuDiKiG ( A\e resistance ,thg hogicht of 

THLftOO&Te^ fLoCK-ET and HANeOVefclfiMi) 
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13.86 continued 


13.87 


A 4 - 2700 mi 

fa>i^£N; 

K ^ 

h* kno h B 

AS SHOWN 

■ 

4k*Otf*taV 

H! 

F>nd ; 1 

(/ A,. 7900 nil \ 



-80000 km-4 

TOTAL gNb'Hf.Y Pgg UNIT MASS FOB. THgOEB 

Eo- T* +Va -Tp+Vp 

vg--<£±l (0 

^ ~tL Tfi - 2 . rp 

'VW Vp = *>/* (G-ivie^ 

V A X ( I - \ -t&H l r P ->> \ 

»y ' r*rp ' 

Up-rA'iCrp+wV -LSH ( r D -r^ 
fp X ^A l^p 

V^=- Z.QM t£ ( I \ U') 

ruVlrp+^A J 

SUBSTITUTING OfclNU"} IN CO 

i/iw= _ \-<kH 

^Wp+TA I *> 

H/| = G> M -L [ To - CTp+ITA^ _ - <617 
— J 

&M = ^'P 6 :i = ( 4 .SI w/S l )( C.^ 0 Ki 0 a kvi'l 

irp+r>= 90.0OO MO* W Cgwun^ 

Eo/(v(= - (48l ^/5 1 )(fe370/tCHrvi) 

gooooMO 1 ^ 

E^kvi =■ 4.9765 xio 4 y-vv> =.- 4.9765 Ml 

TEj E 


E*— T g t\/ e <U e = o T g = o N/ g =.-m_GKl 

"2to 

Eeyfo — — QEe 1 "- - ( 9.01 »v'/s L 'i(fa 7 . 70 x ict’mO 


C e/Wi =-62.4*70 MO 4 N-w =-62.49 HT/i^ 

EMem;Y pet omit has,s> weeOeCi Poe. 
PBOPo L- 510 N Ep /yv\ — Eo/ w — ee/mn 

Ep/w^ — 4 .<J 7 fcS'+ 62.490 HJ/ 4 *j 

Ep/urt = crr.TMr 

% 


fCFr- 1 


r« 3960 mil 

rv 


^ (>+ g_ = 2700 w 113 7kO w <- 

A 

V l>=* tfa60 HU. 

r E) ^V» 6 +E.= 7 AoowLrtQfcoiK 

\ r&» u^bo ha«- 

'IT- 


KT a O k = 1 . 0 . 2 xloVc =• 24 627 ft/s 

u> 

T k =±_ Im (.24627 ?+Y^ 438 87AlO < *W 

Va= — %MJ2£L _. _ ^ R-V 

r * r* 

r h = 6660 MC= iSlGTXlO^ft 
K.= 3960 Kvu.= 20.409 x lo t ft 

v “= - ferz r 

fiLfi , 

T 6 = 7 L m ^ B 

»e> r e> 

ig = 11860 i/vu.— fa 2 .fc 2 ixio fe ft 

W _. _ C 27.24+^(20.400XIQ^S * - ^ 

B ( W.fc2IMO fe -ft > ) 

V& —-Z24.8 X(O fc IM 

T„+ V a =T b +V b 

438 87*10%^ -4oo,3MoVl- ^-WHV-ZMaxioiw 

ir 6 =l[43887X(0- 400,3/.\0 G +2 -lU.8x 10 4 ] 

V 6 a = «T.6.1SXI0 6 f4V5 l 

Uq= 22.951X10* -ft/s= »S.65-X|0^nAt/h 

\J B = IS.fcSMCVi. ^ 

h 
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CilNEN 


13.88 SWE.N-, 

l-UNAB. EXCURSION MOtlOLE CLEM7 

Find: 

ENeeev per pound Nseoeo to 
escape Hook's gravitational. 
FIELD STARTIN6 FROM 
(co hoon's surface- 
Lb) Circular. orbit sro wo . 
Above the moon's sueFAce 


13.89 &WEK: 


SATglLITG of HASS 
CIRCULAR OCOIT OF RADIOS T ABOUT I 

* 

<■<*■') its Pcae ntial emergy 
(.b) its cinenc energy 
fcT as total bis? 


NOTe: 

BY eq. 12,30 

AT op distance F rom mqom; r 1 =oo > a,ssum 6 V4-o 

Gx = T\-*-'/x= o- en M w —o-o—o 


CHOOSIMCb TKIf COWITAMT 

So that V*Q Fo r s R.; 


v.cf e<* i3. 


V=wjiJU- 


La.') ON SUKFA CE OF BOON C M = 108 I Wi L = 5-1077*10 ft (^^5\ 
v,-o =o E6 = 3^feoHM.^to.Acflxio , '-ft l 

V,= - 6M„ivi E,= T,tV. - O- Q.QIZ3 j V 


(5.7077 MO 6, ftl 


\Aie=Wei€,HT OF LEH ON THE EARTH 

E>=lfbO.?l,bMb <a Wl hn=^£. 

' sV 3 

E,={- 30 23 fo *■ 10*° ft'/s^ W B 

3Z.ifc/S'- B 

iE=Ex-e,= o+fo47.i*.io*f±^>]w B 


NEWTON S SECOND LAW 

"X F=md fl ; SlCHsIs m i? 1- 

e>\ F* r 

?) j EH = If 

CA W g N^ y ^y 

E-TFV = + W$(|-tO 

I e. T w G-^eO-l^ 


Energy PeR POUND ' 


fyg - <<4iKI0fClk 

W* Tb 


13.90 


r,= EhTjowl 

r ( —(io«i ML-Fsohru.') — H3i»vic=X97i7*io’ft 
NEWTON S SECOND LAW* 

F=wa«; <^m w iw _ ^ <u2~ 


satellite in a circular orj&it 

i 

fcNE«.e»v tu:-$oifc.eD to Pu\ce it ihto 
orbit-at C<V3u»ofeiM,Lb)(,ooo£<ivi 


V, v =- T,=JL M v.\f 1 to 6H*. 

y-- GM K y7 

r, g=T |t V|=l 

~ ■= -4 — _ I O OUT 9 Ce^VT 


5.<?7l7xi& fc ft 
Et=. ( i4.4-qgx 10 |tVv)w.ff =. 4SO.ZMO if Ik We 

^£=Ex~£i* OM 50 . 1 X 10 • lia Wr 

lb 


EWEB6Y PEB POUND 


iiE = 450 X (0^1 lb 


Be fOI CC IAPN4H INQ: t\= B=-fe31*l0 M ;\X,=- O 

E - T , W, = o - - 3^W l _ - wqK. 

BE. 3 

ru circular orbit of radius ^ • Ccf eo 12 . 30 '] 

® WCvuTT>v»‘s SECOND LAUJ 

F = M4ft GHWI =. to 04 
r x T- r-x 

<c= Sf - 

>■»- Irg. 

Ev^+Vx* 1 W Ox- 

Ex = 4IM ^ 

Y IrPARTED is , a n x UA ^ , . 4 . 

le= 6 z - 6 ,= - 4 ^ -c-w^Vei« 5 (i-l\ 

teuetcV Pea Rc 13 ^ *• 

V=G37o TtoO= tqT0 4tbi 

h^tVA— (<o-3TFlcf'VC9.6J 
(b'l r-x- <b370+t>000= 17.310iiM 

>e/M = (b, 3 - } xi6 t H £ >.8(')0“s!?^o^ == 4c ’ 4 I« 
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13.91 

- cqo? n\ -fr 

Distance above v-aotw's subpage u 

Sh<M‘- 

Ca"i =• VJ ij (.First order apmmiwati&O 

tcgiVf 

CkA A S£CONO OR6SR. APPROXIMATION 


13.93 


aiw eji; 



v^' *«>™»-*u*v-s-sr 

Vj=-wed4T=-wt[HSi4*^!(a^.-.. ] 

'we^ooTwe constant wr^wicm is feT)Oi\/Au?Nr to 

CHANGING THE DATUM FROM f=oO TO r= K. - - 

v s='"HV ( ^H 

(MFiRVT ORDER. APPROXIMATION! 

V a *WR(^yyiy 

CCQUIbl 

(biSeZOND ORDER. At>P8oX(HAT lOW) V 

v r v, K [i-^Y } 

V w r w £ 




frictionlesS plate 
firmly attachcg ro 
A HORIZONTAL Pt-ANE 
Cord arc attached 
TO TH<? Plate AT A 
AWO TO A SPHERE ATC 
initial velocity 
op sphere causes it 

TO HAS.E A COMPUTE 

c.iB.corr and (Ietobnj 

to c 


Fiobi 


velocity of Tire sphcre as iTSTRitrso if 

to.') w> 0 is parallel, to Be 

tbl Fe^PevjbicucAe ro bc. 


loY io 0 parallel to Bc 



13.92 ^W L U J 


Fin b: 


CELESTIAL R>oOV l*J CIRCULAR ORAfT, 

T a bio s y— to light 'fe ars 

VELOCITY U - I.R*I0 6 IV>l/M 
ABOUT A POINT OF HASS.I'Aij 


y’ 

►<>-= 


Ratio Mb/pIj l5T«e 

HHBS of the son 


*)■= lRnlo‘ , IMi/^= l.74wiO fc f±/s 


\ux+b) 

\ JUST BEFORE 
\ CORD IS TAUT 

\ 

f Oq 


bwr 0 •= (£i+b')<r l 


ta+bl 


Tost after 


\ CORO IS 

\ taut 


Lj' = bUo 

(.a+bl 


to Wight miti 


l light year. is the distance 
travelsd BY light in one Year. 
STtreo o^ UG‘-T = l8G,loo wit/s 

T — (t> 0 Ye X'fct, Joo AH V 5280f£ 

Ir— i.Si D i?.xio' Vi 


a ” > NevjtoMb secoMb lauj 

mb'" ^ = 

Ir'** r 

Ct H kx „ M -= 3 £*>««.,= fezCi ^(MfcOM LASTSoft 'j =M,077X1^ 

Mson" 530,000 He. GH 50,^=330^000 feHeARjn 

^'suu =(330, cooY IU jnw icH ') 

= i ? t^SX|O al -ftVS* 


As TUB SPneee CONTINUES ITS CIRCUIT TO POIWT 
c its velocity is always perpendicular. TO 
The coE.0 and isNetov is coNseeveb 

THUS -U- t =TY' 

b<Oe, 

U-tb3 

(bl ATn PeEPpnQiculaR to Bc 

AS THE SPHERE HARES A COMPLETE CIRCUIT 
Aaoouci the plate its velocity is always 
PGRPewDlCuLAR TO THE CORO APb eHER-GY 
IS» CONSERVED 

Thus 


6 = 4.b4Sxi6 /Ms 


M 0 = fu , 'KIsom/4.MS>.Io 1 


Ma/,. — 0 BC.l'i.XlO Hi "I(,xl0 ) — | ■?ci xi 

J,W J)ioil- - l,C 
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T>V-T‘W 


T= w\ ^\ O# ) (o H^w/s) 'i 


T= ' 30.0 T 


V= g.4. (r-ro^l^Cis-o 
V=^io.<i x 
0**= q.oo irvife , •Ov 

T = 4. ^ (l4 f^ 6 
T‘- w. trV**- qi.i 

V = -^•K.(^-'fo'?=-=^(l50N/^(USTiW-l.SlM’r 

V‘— Z3.44 T 

t+v=t , fv i 

I X 

3 o-i-- 3 -io.q = \.l fty + qi.z + Z 1 . 44 - 
UAjj, 1= IZO.Zfo 
Vy- (OO.Zl 
Vy= 10,01 W»/S 

Of^ = 10.01*3 ^ 


2,3 AT. = LH (O,. 


0,-= 1.3158 V 0 


Point© O,= 0 o T^iW^W 

4 • m 

V.= i k Cl-LoS 1 -i do ib^o> (z.m-i.qfO' 

1 3- "X 

V|= l.fcOOlb-ft 
Point @ Tj.= 4. ^ Vj" = 

&L=® V= o 

T,+V,= T,.W-l _ » 


ojs-'V^f l.8oo= 


Feon Con^ or noh 'VX* — l.^tSfcO'o 

O.TT < t(l.3l5gV‘- 1*1 = 1.800 

* Oft, M lb g<U32.zflfc~) 

(on?lb')(o. 73 l 3 ') 


Do=. I05.<ol 


'O 0 = IO.X8 ^ 


(CONTINUE^ 


k- 750 NAvi 
unde FouieD spring 
L£N6rH,r 0 =l.5lVI 
COLLAR 
Initially^ 
r=z2^M^O 0 -smk 
\Xy.=.Q 


O*. AND V e VJHEN 
V= UJm 


Elastic cord fixed ft o 

jfe= iolb/ft 

uniformed length^H 

\Ntl6HT OF ®M-L^a=l 5lb 
HORffcONTAL FRILTiONLESS 
PLANS 

initial velocity u 0 
Perpendicular T oA> 


Find: 


W SMALLEST allowable 
V 0 IF cord ooes NOT 
<3ec©HE slack 
( b) Closest distance <j for. 
Vo EQUAL TO HALF VALUE 
Fofc Vo FOUND Ik) <. 0-3 


The toto WILL NOT <»o 
Slack- IF *Ja. Y3> 

PER Pi? N 0 1C ULA R TO 
THE UnDEFORHED CORD 
LENGTH L 0 , AT ® 


LJ 0 =T m/5 


(7.lSm){M)(‘3\ml','i-llKrv\)(n iK') 

v4.=- U.zs'KsVozsV 


NO friction 


(.ABOUT o') 


q.oo m 

■5 


-VA.- 


\-*uLUiIXaI Via 


•v i -> ■> 




v = o, 

\ Q 

\ 

\ 

x© 

A ^ 
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13.95 continued 


13.96 continued 



THE BAI.C. TRAuet-S 
IN A STRAIGHT UNE 
&FreK.Tne coko 
GtOSS St-ACIc 


o (.COE.O IS SLAC.Ic'i 

< L2?\4‘+i'6oo = 


ANC. HOHtiMTUH 


(Z-SUS- 14^ = dor 


PfcoH cons.of AM6 how. % 'vT = 'S.n-S , »Jo 

«£[(a-tis£0 -\>^oo 

- (1.100 lbftM3zT.ft/s*) 

V (o. 7 Slb)(e.'J 4 .S , fc'> 

8 8Uo WVs* 

'0 0 =Z.9l£i 

tt 

(b)MMimort velocity occurs when th< ball is at 
ITS MINIMUM DISTANCE FB.OH O^lNHEN d = 0 8 ft) 

■ 0 *,= 3.izs’O’ t> =C5.u5K'2.- ( }"0 = £ *Pt/s 

1V= 9.18ft ' 


Point© 


ter<D T 3 =l w 


97 | civ£N_: 

<2 ^* Va= to m/s 

HoCttONTML 

faction less plans 

7wt»~. 

(<T) hAXIHOM Awt> MiNIHUM blSTANteS FtoM o 

. (bKoe.a.esfr O NtiNG values of th c SPee Ci_ 

the Foace e*ecTifS on the spmcile 
v.V W Tosses Ttf&oOOM O. UNGulAE HOMLVITUH 


P-fcOM COWS. OF AUG Hop 

u_ a.as"- vrfcs 
_ o- ~tF ~ Tgn% 


CLASTIC COCO Fixed at o 
Ct-iolb/ff 

UubeFOEMUO LCNSt H L<r\flfl 
VOEIdfiT OF BALL.W- inb 
hochontAl FeiaioMcess 
PLAue 

Pe^PeNDlCOLAft. TO OA 

d-=o.&Pt AFTe-E. Coeo 
ftl:C0H6S SLACfc 


minimum velocity is at & wwete 

THS blSTANCe FROM o IS MAUI MUM 
HAKIMOM VELOCITY is a C WHCtG 
TMSTANCt FtoH o IS MINIMUM 

ITa^OaSingo^ y^kviOTm 
( os wiXo.btaXzo im/ 5 ^n w>=r w (ofc 4 fl^ 
i7 iw ,= e.fcG>/rivi co 


<A} initial. sPeto p" 0 
( bl maximu m sPees ^A>v 


ATPoiNTA T„=1.W|/0^»'L 


Conscevation of an&ular, 

ft BoUT O 

Z.SO - 0 = o.SV 

V= s its’vg 


&T Point B 
(Ano COlUTCl 


PdintO 

VrO„ Tr^-Oo=°^o 

V. *|i(L,-Lo\ = ^(10 
V, = l.Boo lb Pt 


TA-VVA=T B -t Vb 


Substitute 
O’! INTO to 


-ar w 4 o. sfot^= o ( continued ) 
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13.97 continued 

(r|v,= o.-iiq™ and r M =itfei w 

I'ttl M 

, r„.N =0.33? M 

kbl ’SuBsTiTure' r*, and r w pcom hi-sults of 

PACT(0.3 INTO 03 TO GIFT CORatfSPONDILKS HAXtHUH 

awo minimum vAuies ofthe lpsed 

= zs-.fa w tf=is-.b iu^ 
0-3.W s MAK 5^ 

V((f - 5-.ll m 0 H|M =5.1I *£M 

l.(o(,l o 5 


13.98 continued | when bcomestoekt 

-“ TH6 DISTANCE - % hOWsD 

(M <\ BY A AMD B 

Y- UNK-V1C.WW 


6IVEN; 


w»* I.Sfeg 

w e.-0.7 *3 
rum ally u=z.i» 


ANO \J B = O 


A STOP IS 
SUDDENLY 

eeMove at e 


(a3UA,wHeN tti* 

IS o.Zmn from o 

(,bW^.\NH6M V>0 


@! ty"^=o 

_Fl^" v fe =o 
©TB 


l \] h =t t M/S 


. x , ^aV =XJ A 

-L_f~ W)tr ° 


.DATUM 




(pi mK.im*') C.-ot a 3= (o. I w» * V-wO C^A^A )t 

Iti nEhat icS tv-fc')*0 ^thos^It^XJa! 


(PI mH wi a t (o a 3 *-(p.zi#0 

( u *V~(liO ^• i 1 8 n >= \-os*»h 

OONSCBVATIQN OF eNgR.6V x 

© Vri.iw/s T = -L 044«YU-lMfsj» 5.9fc4T 
V 6 « O v ‘ 3 - 

tMoose DATUM FOR. B AT ITS INlftAL. POSITIOM 
And Note THAT THE POTENTIAL 6N6(LC.Y OF A 
Does not cHAH6e Thus- we TAte V,= o 

® HV l‘05'OI*l/5 C'U' A ') e = Ug (LINCHAT ICS^ 

T 2 = 4.Wa^a^H^rI (ViS 1 * 

= M t -fet 3 ')[Cl.0sow/st+( < O'A > )^-t a 

o.q<jz 3 ?- i.zsiu;^ 

\4= (. 0.1 m 3 = (0.7it$X48l Wfe l )(p.lMY=H>.faB4.7 J 

1 ' +v/ i = V V X 3.94,4 + O =O.4423-t-Usev4^V0.fc%7 

_*_JlTift* bft3Z V > (o-a)r.= I.3s4f 

U A = vftWrX\MV = L(.los 3"-+( l.3S4?14. = Ml 3^ 

°a ' 2*. 6=TAN>;ItM^TAN ^=37.6° 


OV,=7.l m/s 

(o.i3(t.l 1= Co.I+xYVa 3 l=.^j-O.I 

Q0NSCRUAT10N OF ENE.B.6V 

ftr © o*=z 1 wi/s 

TJ e =0 T,- JLw»a1> a = 

Ti= 3.q(,q r 

"*,= o 

i^t© u;=o ( co;l=° * ,, 

t^^wao^ o.qo A 


\<v= y.={q-H gMq.fcM y 


t,-vv,-t x *yx. 


Vj.= t.Bfory 


M M 1 » *- 

3.UHo=6.q^ 

FROM CCNSeavATIOM OF AvJC, HOH. 'Vu= < m,-0.| 

Thus 3.9(04 = 0.4 O^+fc,. g 4,7 HO .7-1 - 0 . t V* ) 

t ,& W, . 

3 .9fe4cr A = o.S 0 A 4- 1.44 Z"0.4,"»t > 7 o* 

^•(.SST'O^ O.Q\y* f 1.447. 

S-173'U-a = 4 ^a + l-fcoz 


BY TBIAU 


0-a = 6.314, 
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13.99 


g we n: 


GWJEU-. 


■SATeuJTC i-AUN£Het> 
AS SHOWN 

NAXIhOM ALTlTOb^ 
>J31N& CONseeVAT\oN 

of er<ee.GV amo 
C.ONS ee.vATIOCN of 
MOM eHTUM 


350 x lO 5 km 100 x Ur 1 km 


E-0=370 it<M 

r 0 - 500 $UH+(,310 JklM\ , ' 1 

f 0 — fc87oJkm 

— G.87)cio 6 kvi 
O'o^.qoofit.w/H 

3.fcX\O^S 

— \0-ZS-xio 5 Iao/s 


mss of TopiTeR. 
Mi* 3ISM« 

&\Ja .to 6EING THe 

SPACB cp-AFT TO 

within iooxic?Jew 

AT B 


.v 0 teim_A 


Ta=4. 


- G MjJM 


To w *> 0 = w ' V r*M , r,- F MMk 

vr A , = (& )A4 = 0O.1S-XIt?'j 

*' 1 a 


C*Hj= 3fl GM E =3t<» q£e 
£*= <..37X10*1 


gm t = at ^Mfe.nxio w'l 

15* VV3 S 

XtO ^-x. 


>N OF gN t-R C. S 


hjin i f-v 

/ 0‘o — IO-IS'k l(J ^ 

T a - 4-^ 4 -)o’- -^'AAfio.75XIC?') i 

T**(»v»U37.«x ID 6 \t1 

Va= “Z — $tC=(Q,9i 37X10 %vi S’" 

* <&H = 39ex\0' x F/ 3 /* 2 - 

( *o= G 87 xiO^vvi fa 

Va=- ( Tiqsxib^lMVs^^ Wl =-57-43x10 wtf> 

{.fc 87XI0 6 k>o'( 

fom r , - 


Ta= 350X10 wi Va= 


oARx io^mVs'M m 
(, 3fox io^wa'I 


Va=- b<=z.SxiO fe )lvi 


T b = a ^ 

sj - - <s mi 3 kvi _ - Cm^exiov^Vs'-^ 
^a (iooxioSO 


V/s- -(iZfctj.g xiO fc ')lM 


T|\ Wn =Tft +V q 


Va>= CHt *t = - 3iay-io wa (, x7 

r, r, - 

4W„ = V1Va' 


4 M(\)A-^A) l '-3fcZ.eiM0w=V wlJ B 1 12G9.8X10 6 |M 
Cva-^a‘1*- / 0‘b= ~ (8I4M0 6 tr> 


57 53 X |C> <VI-S74 3 MO vy( = i- vtfV^. -MBiiOa* 

7- F| 


Cok)1>gft.k/ATION OF AN6QL.AE. HOHSTO 
,j_ r A =35C)M0 ( *IM Va= lOOXlO^WA 

M ir ft *V3 (tf A - ov* A V v^, m B 




•5<J6stitoting foe o a , FEOH 01 17 p, = (-^ )WfCbv*)= (i||) 

__ , (.70 4l8xto t| 1 > '- 3 <\?xi 0 ^ 

s\4o2*to fa = — [ i T t cy- —— Substitute \> 0 io (.V7 iuto (i^ 

- 5.4o-ixio 6 = ^ . -ll^s* 1 ) -aa^io^ (jr A -A«o-^[i-(3.s?]=- ifc^vuo 4. 


- 5 . 40 -iX 10 6 = — 39? xio >3 ~ 

r,’- r, 

Is.aoix io b ) tr, a -(3qexio ll }r x + to 31 — o 


r,= tfe.ix io fc w, fc 8ixio"IM 


<r H „ x =U>,looShM 


(o- ft -tsAj A T-= iGi74xio b ii. foqgxiom 

(rftli.6 +aooT 3 ^ Coot R£V6Q*,es FU6UT OllbiCTlOH ) 5 
AJ A =ZG/?yin £ (GW^ . 

oo A =Ctt.tixio^-tlwi8y-to 

AZ>a- »4.1oJLvw/5 ^ 


159 









AT FN 61 NE 5HUTOFF AT A 
VA=n4o+=n^8fctv, 
at b, r a =mot i4(tieeo4i 

CoHNANO HODOl-e IO A 

ciEcutAe oesiT 


FOE A -5 PACE CB. AFT 
TRANf>Fg(UUKlG FOOH 
A C| BCOlAB. OB.BIT 
TO A-CltCOLAR. 
CEBIT AT B 
(o^iNcaeAses no 
SpeeD AT A AN 0 


la'jspeeo at a at eNGiwtr 

5 H OT OFF. 

(.lo^ BELATwe veuxity ten 
AtaOACHfc - CCHMAMO M-WF AT 


;oN>seevATioN 


lb^ T oTAL BNeetv 

pet UNIT HASfa TO 
execute The ieAt«TE 


inrAOx^Urtlra^ 

TT = ^ aT = n ^T4 
& To * 1880 

i> B =6.Qzq8ir A co 


QMS OF ANC HOHfcNTQH 


‘M6om 


r B-^ ■*> T.1.4W =* 

r^- 34fcoiML+zcoryK=4u,oiMi. 

^ZWfcSMO 6 ^ TT^- tiOTH'O'g trt 

Iq - zqtOirvu.+SooiM i.-44fcOMC 

r B =■ z3.3-4qKio 6 ?t e=(s4<.o'>(5Z66}-za.4o < ?xio t -f't 

“.9oer x 


O.OlZ3GU t>glH = O.on.3 ^ I 

=(o,oiz-s)(Q.ei ^ (t.y/xioVy 1 ' 

= H-SIfeXlo'^ Ta= n4axi0 3 AT 

v /. _ -<fl WfcX icjV/5 7 ) wr 

V *“ \|1« '"--z-eoiMO m 


SMn» 


6M = W.O77XI0 ,r & 3 /5 

•*• o y /1 


Noon 


Point A•• . 

Ta=»*w0^ Va= 

^ Va= G4o,e^xio fe M 
\i 

c -o. 5 TB t 6 ftj,. 544 x 10 * 

Ta4V*-TVWb 

^ ivi o ^-c,40,89 v io c m= 4_wi 14 -s<n. 7? x io 6 w 


GH*vt 


ftT Point B T b ’.C ir B :=. Iggoxto \m 

v - m _ ft-egfaxib^VsT^ 

B T B 11880 xio’im') 

TAlVA=T fe |- Va,^ -L-^^-Z.eoiA U^M-1 w %Z«4W(ttt1 


■sunqw 


7.k04XIO VA 


8UT.I4X.I0 
I.OTllUe, 
‘V4=(l.Cmi')(24.026xio'> 

U- A = 2STS2.t?t/<, 

CIECJ 


on IhV= scomio 4 

T-r&= sn>.9t%tO c ~tf l /s^ 
tJ b = 74,Oza4ft/s 


^ubstitutc "U b in <A into CO 

Ua^CI- (0.4148?] = 347 3X10* 


FHOM M 


Oa = 7.403X10 Z>. 


E T>ee»lT AT A AN o 


\ &M ~\i m.OTIXtO 15 -2S3I b ft/s 
~p. ' •aiT'jfcSTao 4 ’ 


peon AND tSiuLT in lo.'i ‘O , 0=(P^248l(nO4^ 

“0&= 1584.0 *5 

COMHAtJO HOOUUT is IN ClBcULAft O eSlT, |v488XIO t A'\ 

\T. 44') , _____ 

Y&JW» = \] 4 8qbXIO^ -. )ti|3W M_ 
“e. ' l.ggx ioa 

CtiATive veioccrys-Ct^-^e^ 14,13.8- iS84.o=24.s § ◄ 


HV^O-A-t.^ '7S-HT3-- 75 - 31(0 =. 437 ft 
^UbKUbVUb^ 74444-24-070. » 474 fife 
Cb) TOTAL FNeRGV PER UNIT HASS »7 

f/ln = 

E/Wi = 4 ttt 575-3 T L -fe53llYV(244‘S0') 1 - (.74- O ZO^J 
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Saturn 


Trtll)rl I y 


I 15 k |0* m. 


IH3 J*, 10 ml 


, 'J-fc=kS.‘8i:io*St/s 
VY„=-3X2*io * t/3 
ik ciecixAeocar 

FWB- 

cccr oeceeikse in 

oPeeo ,&U4 of A 
■bPhtea oft at ft 
To ACUlGVIF MJ 
eujpricftu ofcO'.T 
THtlOOHH ft ftNO & 
(b’i Thf SPtieD 
<5>F THE;' SPM.ecSkF'l 
ftS IT e.CftcMG5 8 


13.104 


USX JO 3 ml |r a = 183*10' 


IT ft = (oOT.XXtQ 4 ft 


'Jft= Spic^O OF 
J B -PACCFBAFT IN 
Tue ev.utn\tftL 
oe bit after 
’ its speet? 
H-fts Beeiy 
Deciu-ftseo 


h- *e --^f r*= fc 37 otivi+z>vooiri^ 

R , o. ___ r*= e.7io 

r J b 

^ ITp = 4?370 fls»v>-«-‘1foOOitwi = »S'9 to jfenvi 

* 

roNSgguATLQN qf hoHErir UM r A mO- A =ir 6 i^c- 0 

°'u= | v * = 01 

L'nUStt VATIQ N O F gNCB<aV 

V A =-c»(y\ia ViMO-fc 1 ' 

**■ Ip. r G 

GM ^R a = (ig;&'A* 370 *i«?rw)= 3°?6 ixio’ 1 ^ 

- ( 3 ^ 8.1 x io lz ~)yyi 

Va= 8770 XI 0 5, — 45 . 31 x 10 

u - C^ftpMQ^ trFi _ , 4 *_ 

VB (Tsfwio*) za,S3 ™ 

T*+VA=T B tV a 4yOi>4534 XioV-i^" 2 ^ 3100 ^^ 

Su&sr rrure Foe. O a n "Ci Ft on CO 

<V0" C0.5W-P]- 4o.4l x lo fe * 


Point A T A = 5.i^O^ \/a= 


r* 


O'*- 7-tCMO 


Hs* = HASS O F SATURN x DFTtPhlNe &H SA F(20H 

the speeo of tfthYS m its ciecoiXL ozq\T 

<U 1-2.44') 6 H s ^t= V 6 \y e ^ 6 

GM9Ar=tou.lXloV)(37.Zfc|0 (4/5 > I.331*I0 4 ^ 3 /s' 

V/.- -( 1 - ?? 1 *'P *=-2.2.02 XlO^W 
VA ~ OO7.2X(0 fa ft) 

FWB viwD* y rt =-^i^ s -(!j37>io' 8 uV> 
vViosax^ r& 

Ta + Va-T 8 +Vb; 3 ^•O'^i-Z.ZOZx/oVl =^Wt\>J- 1.364lt<oJi 

0^-U|= 1.63 6X101 L 

CoUScgyftTI&N of ANQ,UlAE IlCKbNiUt-l , , J 

'0- b = ^ 

^fttl-C0.fci«4t]-|.t3(.X I0 9 0 A '= S200Sft/s ^ 

£^\J A = U A -0^=B8 800-5-2 00^ ^ 

IbJ 

U B -J» O'ft^O fc^84)(520O5)= 32 700 u/s Ml 

r e> 


U A = S0.5‘?X'0* %> 

UV ZTfcxfcr tw/b, 


U- A =2fe.3XloWti 

tJ a =lfc.5*l<Wln 

)• 

fttTnuoG hi* 


r^ ft - r 6 ^ B 


_J AJ a = 2t>.3Xl0^iu«/h 

1)*= 7.3IXICWS 
\y B — i8.5x 10 A.pv»/(rt= s. 1 4 x ic? M/a 

F MOHFNTQM ^'M<T A =t 6 tx. <>B 

OB Lr-_ 

^=0,2034^2. ('”1 
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13.106 continued 


continued 


^(7.31)1 ta'^-Zb.fc'txio m 
1W ( 5. 14 X10*f *= (3.2CSU0*W1. 


fe,-m U 6 = EimVc. sin <J> 

5iNd> — && = U.88XloSyiMl4l4!g') 
^ (.l.14XKJ<>H,Xl5-5S-^) 


0.96M9 


^ (2.^ (9.61 sH^omoY 
ar<= 398ixio' l wVs , ‘ 


V*=- 39e.lftio ' 

V&=-SMW = 


sftreuj Te PRosecreD 
ft r vetocirv u e at 
an AN6L6 - wmt (X3 
iNreNCxrti otcu<^P- 
OEBir 


7MVa=T & W 0 

7t,.fe9xio < ’i(/- ^ 1 8 | X|Q jrf=. ib.zo.xioV 
Substitute foe r A feoh io 

3_qg,IXlO lX f I _n = 13.49*10 fc 


r B = 12.4 42*10 


h r— Te~E — 17442.Aw-6370 Am "* boioAnt 


Bo 1- C 07HS AN AUiue or (jJiTH THG 
iNreNoen oecular. path 


COMMANO MODOU? 
•N CiecoLAtOESlT 
AT ft*) ALTItL/Oe* 

or i4o 

ftTTft.CH '.t M 
8 A6T ACE: FT AT 
teiATl'Iz velocit 
srioor/s 


r 0 w o 0 cosv-— r* w 'T* 

^A=(|/ m ) U o 


TJc. and4> h^> THf 

- -l eu hits t ue roon 

-C0MNAU5 HfiOOuF IN aecULAp. ORBIT 

)q— n4OTl4O=lftSo4.vn = t.%&*l0 t M 
\ S-M Ma , N =aoi236H eW iT«=O.OlZ3 3P, 2 - 
LL =o.0l«(q.8lKfe.37xi$*) r 
' / __ = 4.896ft io a rnVs*- 


^M*V» 


£-1140 Aw ^ 

" ^ 

2F=lMfli^ in \lo' <u { 

r B 

4r 0 =lfo<4M/5 "JK=l(ol4-2 


-icee,*^ I - 5 inV 

H-*'**H l-StNQC') |r„=flTSIN&t^ h. 

|+ S!H* * . , 

V. Al&O VALip 

FOC_ po(NT 


WcMah 

'lt=i,9Q9xloVo.4lQlXlO c, = 7418 Xtokfl 
__ '0<rttW 3 s ' 


OiAy = O + 'SinsnVo r MlV( =(|-SiNo<'llri 
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a. 6370 km 


Intended 

trajectory 


Actual 

Itnjtitwy 


t2.=s«M0lm « - MTOlran 
\ -- J 300 km 


Actual 

trajectory 


13.109 


siveN- 

COMMOOicATKJN 
SATeuJTlr AT A 
tl UAOUCHt'D 
With a veLocfn 
Rei/,Tn/e ro a 
5PAc«5 pc ATfSCH 

>,n ci ecooa. 

Oftc.tr OF 

FIND'. 

An&le X AT 
WHICH TMC 
* AT (f U.IT *c 
CBosses the 
c»ecot>B 

_ OftB lT AT 

fc=fe3T0lt«vi 

r> l =r,.67./tlo‘‘W 

) r^=4z..i4x io 6 m 

<sm=39bWV/5*’ 




fo- w '-£- ,st Uttu^V^" 

VCLQClTr AT A ___ 3 

(°*W= \[$p ^7.72fexio fi 

Cite. X r* X (<,.t,7xiO fc HA^ 

7a=01a toac W-* T. 7 zt, wo 3 +i44 x 10 =U .l&i)f I 0 3 ^- 

VELOCITY AT C . 

COMSemiUQN-flF fcH&EftV t a +Va =T c +-V c 

-I 0£- - <kil£l = X y^\Jc-CMjd 

■0-C %■r>* ■““Y,** t V«i 

0c = 174. fc7xiO- IOO,4SXIO = Z4.I<*)U0 
\J c s= 4-.9l9MO a W* 

eONSeg'^ riQ’l OF AN60LAiZ. HDH6NTPH 

fonnOf* = r c rvi O^cos VatJa -l 4 ..fa 7 xio <> Hii IfcSMch 

cosy- r c ir £ (4?.flxio 6 )(4.9iQxio 5 ) y 




6IVEN: 

VewiOElN CIECOIA* 
OftB(T AT ALTlTUtoe 
OF'22«'iM(..5Peet> 
D£CtteAsm> AT A 

30 TH AT IT CfiNCHeS 
ALTITObe AT C> OF 
40 wl AT AM 
AVi&Ce <$>=-fc0° 
Find: a 

(071T A> A3 YeHiccg- 
lEAue^ its cieaxAd oee>rr 
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GWEN: 


Find : 


£=¥lto rm. 


VEHICLE AT A IN 
OtCULAt ORBIT 13 
GIVEN AN IMCttMeUIkl. 
VELOCITY ^ TOUjA^ 
O. ALTITUDE'S ASSrtOJN 
«NetGY fexvtNbiToee 
IS SoYo OF THAT 
USED IN PBO&QlO^ 

ANO 4>6 


13.111 




mm, au a T A = 34 feOM 1+225 ml 

“**• V- a =4\SSWl— 2T.0<miC> Ft 
(r 6 =3<?feOwc+40Ai 1=4000 wt 

ir 6 =-zi noxioH'-t 


m 


34fe0 »y\l 


gm=^ £>(37.1 | 

I4.077X10 15 FfYs*- 


H -1740 Vm 


given: 

L€M Rr AN ALTITUDE OF 

Uo 4*1 IS SSTAOCiFT 

FROM A ClRCULA 2. 

oaiaiT and m spt?eo 
is etoooec. 

Fifth: 

(4l SMALLEST R.fc'DUCTlOA) 

OF SP^EO TO MAite SUBe 
THE LCM WiU. MlT "TOP 
HO 0 K| 

ItojTHE BEDOCTlON (USPttD 
WHICH WILL CAUSE THE LtH 
TO HIT THE NOON AT4S 0 


r '!fc= PAO.fcw't l4ofcw— IfeftOX 10 in 
' ter*c.= R=n4ofe.wi=n4om^»H 

J 6 - onaCM «- 
= O.OH54^g 
=(p.ouilOiei t»fo)(l»2i 
<2> Hmookf 4.ft c *fc>*io ri w'/s - *- 


\ p = GrHm 

A^w**• ^ 

H &.*= IfilfcWc.** 


F= M dv, <-Hja _ w 

v£- 

(?X\~\f ^ =tf WOliyio’ ^s is.muottls 

* W.omxtf- 

ENERGY EAPENbiTUE-E - 

RJOIV^OB 13.109 47*= 11.32X10 CtVs 

GNECfi Y^ - 4^^- ^*1 4> a ^ 

L ^ xoq- Wih.U.2M.Xl<?)-i^lvi(ll.32XI0 

CiC|04- 2 . 5 - 4 . 4 fex (p fe ftlb 0 

ACV,o*(0 ■ StilAe l o4 a (Z34>tfcXIO*«|fO/^. ft-lb 

THUS, ADDITIONAL fclNEUC UXERj&V AT A IS 


4 im^VI* - — AE|lo == fes4.46xiO t W)/2 (0 ttPLAce O t in (0 BY (.Z'l 


VELOCITY IN ACIECULAB. ORBIT AT l40fe.HH ALTnoDE 


^cec-M = \j IQ 1-1 ImVs* _ |,£,/3 g;<lo *1 

ir>>. ' lesoxio 3 mi 3 

(d\ AH ELLIPTIC TEATt'C-TOft-Y BETWEEN A AND C, 
WHGttE THE LEH IS TOST TAH 6 EHT TO Tt+<? SURFACE 
OF THIe HOON^IWILL GIVE THE SMALLEST E.e7>UCUO«4 
OF SPeeo AT A WHICH WILL CAUSE IHPACT 
COMSfe-eVATION OF ENERGY (A AUD C.'i n 

T a = + m *>*• Va- -4£J21= - 4-8WH0 m =-2.004X10'Im 

** <880M{f 

N4’-^nM - 4.ft4feM(jVl _2.8MXI0*M 

»£. ithoxio* 

Ta+V/a =T c +V c X w O* X -3. Co04 Xlt^H =4 Vn^-Z.ew IOXtt f H| 

A)a» - 4M.|x 10 3 til 

COHeWMlOM QF AN&OLAg. MQHgNTUH CMlNbC') 
rAWI>A = IfcNIAj-e. 

v c r % D- a = tW^-WOSh* 
Yc - (21 


4V-= (I OGatT O* 4 M-IX 10 ^“ 

DifLO-OfiOS^- 1 ] = 414.1 Kio 2, Ua 1 ^ 2 sozxio ' 6 

TJ a = I 582 VH 

i (o w - i5Bz«-3i.sei 


T A =^hi(tX 4 \ ei ^(B^V] V A --^w, 

Tb=i^4) x Vb= 

T A 

-TAiV^TBIVJfi, i rtA-w-ttSi, Cb)tQtiSL-2VAT |QNoF eNEP.6y C Fs AH .^B^i 

> IM (2S.TMX 10 ) -V-T ^f j feXlQ M - pl,° 7 ^ 0 fe ~ •SlNCl? t- a =-rc. CONS OFfNt-E&y ISTtte SAHfe- 

± IvtOo Z - i407?aid is ^ as fttruueerN aandc. 

a ^ T.I.12OAI04 TH03 fEOH ClT 4IQ.I X ID 3 * Cl 5 ) 

'U' B = (oil Cfr 10 F2S936XI0 - l274.IXlO fc Fl33jXlO GflKISE ~B.UATlON oF AnAulaB HQNFN70H (A ANO 0,1 
-Ofc 1 -- 450 4xiO a 

3o.e3tio s ft4 

tOOSEP uATION OF ANGULAR. HOHCHTOM Bk7iV«M0 AMttfc 

^ Mltftlbn** r e m «J a /Uo lb a 

Tnut>e=fe (4 i8s}(Z5.24xii2)_ 0.65^5- 

v»B 1 LOftl 14000, (SO, ®HI0 ^) ^5 = • 


'taW'a> a = r 6 MO R siN< 4 ) 4>=4s° 

0 _ I-aUa = 48goOft = 15-28 OX til 
b- rasing i74o sin 4s° 

BePuAce IN U-S BY < 3 ^ 

0 A a = (l.526 0 A x)-4l5KlD i 
A> A " i -= 313.48 x 10 ^ ■Oa-sgo ^ 

(OxViar^ Ifcl4 -5iO = I0S3 ^ 
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space peoB«r in cibcolaa oeaiT 

OF KaDmJS me., with velocity Ui 
about a PLANET OF RADIOS 2 . 


Vp AND V. AS SHOWN 


Ca'iPeoee will hit the planet at ah angle e 
with rwe veeTTCAL,iF a* velocit y is 
reduced ro «v 0 wHfdF 0L»sm^pSEill 

CbTPfcoBE \nill His s. TH6 »Y\VSWV*e 

Planet it 


ONSgEA/ATlON OF AN6ULAB HQH6NTUH 
ITaWmT. = iTp W1>P l — 

Va=^SJp 


■L HA vt^- GHim — Wl <0^- 

Substituting Fob -Os FBoh (OlN<T» Li.') 

nV-SJl = / NUo 1 - 


y A - ^ V p v --2-C-H U-Fp 
TA 1 - p r P rp 

wit h v-a - ^ » (.rK-rp) (rp t tiA 

VTp a = lAh u 

FMTp IV 

&XCHAN61NC SO&SCeiPTS PANDA 

16M V* 


K=mass of planet 
i^^MASS of PROBE 
Tp-|VA=Te,+Va 


J- y/= i- vj^iVT— «\ 


M Z IM O'o = 2. IM AT 51N © 


flcrfAO-, 


EABTH SATELLITE OF HASS »TI 
describing a vt elliptic ors>\t 
Ip IS HMINOH ANO Tp is HiwiHUH 
Distances ro cakhs ceNTeB. 


bCLAJi 


total e neb<, y £=*-"7 

M= MASS OF TFT LABTH 


IVI0.H 


sec? solution to 
pro a 13 m5 'i-Bc>ve} 
Fop. derivation of 
EQUATION (S') 

i4M r± 

(rp+rp'i Tp 


NEUUIONS SECOND LAlU 


OHM 


Total energy at point P >5 


Substitute for u 0 in IV) 

oC <ki4 - "1&23 * h 7 <* > ' [ G& \ - 

inllt ini* ^inIEX HSt I F- 

l(i-^ 

siN^e 

(X*= ~z- Ci-n^i (siN^e"! - RCn-ilsiN^B 

(SIN 1 *- A 1 "} (in' 1 - Si n^ 

0 <:=^IN6 1 tp^l5Zr (QJED) 
*IA a -SIN*e 

(bl PROBE WILL TOST HISS THE PlANET IF e><to° 


HIM Fp & H |M 

*■** Tp 1 ~rr 

It _-J-'W&Hwi 

YpLr^rp) Tpl 


r ft +r P 

tooTe: Recall That lewhationAl Potential 

OF A SATELLITE ISDeFlNED AS BEING 
Hei20 AT An INFINITE DISTANCE FRO IT 

Tire eaptu 


c<=siNqo c 


Ch-iKwvO 


165 




GIVEN 


spacecraft of 
MASS Wl IN CIRCULAR 
ORBIT OF RADIOS F| 
A BOOT THE earth 


MISSILE FIRED FROM THE GROUND 

with velocity tj 0 at an ancle 
4>C WITH THE VeaTlCAL.B-eACHES 
A MAXIMUM ALTITUDE 0<R WHEtE 
£ is THE Eftios OF THE earth 


toi ADDITIONAL. ENERGV 
D€ to TRANSFER tT 
TO A CIRCULAR oeeiT 

of large e radius fc 


WHERE \>e5<c =■ ESCAPE VELOCITY 


CH»yi(r v -r^ 


^bV^ANGE OF ALLOWABLE V A LUES O F lY, 


Amounts of en£R&Y 
at A AND b are 

^ e A=ii. be az 6= 
_ frUr* 6 

(A'lFoe a circular , orbit of radius v- 

F=M(J n ; ^JU?i =. Wl 12? 


/^\y te'A B Pwiv).stN<b„= 

A o — \^7 *«-+<**• =■ Ci**'*e. ( ( 

IT - g-tfuSm»B - VaSIMj. 

, -^ U B _ O + ^R- Cl+flO 

!OUSge.VAT|QN of fcNfcRGY 

t r -w*=t 6 iv b 4^^- ^»^ 6 - tRS* 


ri GHiM i6Hm 


SUBSTITUTE FOR U B FBoM CO 

<1-^1=^ 
Pton BGl.(U,43Y. Og< 


thus oe ee<?oitu=o toPass from diecucAE .orbit of 
radios RiTo circular oeeiT of Radios t-j. is 
&e=E,-e a =-x &mm flchm 

a ►» a K. 

Ae= Gmivu^-it.^ U'iCQ.C.b) 

a tr, T-i_ 

(b'JFOtl AN ELLIPTIC ORMT NNE recall DERIVED 

IN problem 13.H3 (wir* -u D = ltT 


( ST Po int a; initially 

SPACECRAFT IS in a OlRCUtA 
orbit of Radius f, 

< r i - <sm 

VCOc —pj“ 

T ^1 1 IM <z±L 


(bS ALLOWABLE VALUES OFlG £ FOR WHICH 
MAXIMUM ALTITUDE-^ oCg'S 

o^. sin 7 ^* ^ l 

FOR S|N<$> 0 =O ^FE-OFI fO 


After, the spacecraft 

FNCINES ARE FIRED 
AMD IT is. Placed on 
A sen i -elliptic doth 
AB. we Recall 


at Point a % t«e increase in energy is 

k C — T-T _ -4 Rm -—-ft r I» . _ J. Im G M 
Ac*- I| late.- 3- r, lT|-»v;'| 

teA= g^^iy-vo _ Gtm i K- * 

7. r. ^u Cutix 


\+c/ 

14-TQl.Ypill 

^Cl+eO 


2FqC 

I+OL 


be Cae.b') 


SlHILAjj. DERIVATION AT POINT B YIClDS^E 



*13.117 


Given: 


FK.OM PtOB IJ.IOl 
n«im=*o U-siNW'| 
r 0 (i+siN».^ 


\ r, \ \ iNTENDCD (ai 

\ / X. \ \ circular oeasT 

Xv (CB \ j AND K.ESULTIN G 

'.'v * \7 / Elliptic orbit Derive; 

\ - * / TiiTeesecT at (1 

_X the Enos of showth 

the minor axis 

OF TH-6 GLLlPTIC 

_ _ _ _Q gfllT AT Po 

__ if rwe point of •M-retLS«rtoN 

Ax To op rue ClROJLAC AND 

l r„ ELLIPTIC ORBITS |S AT AN_ 

\ i\ \ !=N0 of THE MINOR AXIS, X 

\ / \ Jg\ \ \ THEN \J 0 <3 PA R ALLEt-T0 

\* (Wj| e \ • tHC PA3oe. Axis, this ' 

\\. j V "' L B ’= " H€ -Ase only / 

\X--V/ IF o<+^0 0 = ©o.THAT 

v ', r S is if cose 0 =-siNW. \ 

Vve must TMeteFOBF \ 

PROVE THAT \v 

COS © 0 =-“3 INC* (.O x 

WE RECALL FROM e ! VCu.39'>: 

-L = GM fC cos© Ci'l 

T K»- 


*13.118 Qzsjl- 

SPACR VEHICLE UN DEB tVEAVITATlOMM 
ATTRACTION op a puanst of ka« m 
(Fig.is.it,shown belowT 

ErlMO ■ 

(a.) total 6NeR6V pee unit mass, £ /iv>, m teens 
°f r win PNOV^, and TH6'ANGULAR. 
MOMENTUM PEL UNIT MASS. h. 


tClCcceNTElCftlr £=i/ l + ll.(i mV" 

(d)rEAje<n-oev is a, 

Hyperbola it e>d 
ellipse- if e = o 

_ para b ola if ECO _ 

{a} Point a 

■r angular momentum PEI 

\ \ h- iis=r mi **viO WilK 

\. \ w -fv5- 


h=i 




£ /w = T il (TFV) 


VHen fe-=o % Y=ir m( „ and r<>(i-siKw^ 

— -= SJi j. c. 11\ 

kO-SHW) 

R>t©=ieo° r= v^ AX «lr 0 CwsiN<>') 

- - -r = <al! - c. M\ 

r 0 C'4sm#.) w»- L 

Abdinc, (s'! And (4and biViDING feV 2.: 

GM_!— (_!_ 4—!- \= -J-- 

—p^. - wtl ^ v _c in ^ hsin*; ^cosv 

■S>JfeT£ACT(!«i W'lFiROMI (i'l MOD DhjidimG BYir. 


£ /*=ii (i” 

(i) ^ 

(bl ftwm eg • tO •’UmajP ^Wi. substituting into (o 

cl-x£: -<kn 
Ul ”- ^ V* ,* 

(4; \t^L X -2_ce/U^ = o 

v >IH I Vv*- Mmiw w- 


tJDLViNG THG QUADRATIC 
treAB? ANGING 

I _ r. . / 




r -!— (—L 

< --iYo V 1-1 

C= •3IW 
'•oCOSV 


SINIA 1+SIMiA 


\ _ -L OSINcL 
I 3.T 0 |_<.ik|- 


t„.= 


Ecp(a.3l / ') x- (i+fccose') 

Y M x 


SINV. WHRN G-O, COS0-I An 0 T= r HlW ( TH OS 


IS An end of the minor axis of the ea-tPTic. 
obbit 


X = f 1+6') 


l+if 


a, „ johpap i'g (aUM&oo €.» V h- (4-Y (s’)" 

jUb-sTiTure Foe and C into gg ^ s gm' 

J_ _ j __ ( I-F smu-CoseN Cd'.eec alling Discussion on pages 7oa,ioS aud ivi 

ir vbcos^c/k > view or e<v. Ks\ 

L.bTriNG Ir- r 0 and » — © Q in eg (s^ l wF haug - i. hvte®sola if ex, that is if Oo ^ 

1 - PABf 2.-0 la if e=l , THAT IS if e=o ^ 

Coi^oc = 1+ ^’Vp-eoseo 3.ELLIPGE IF £< I, THAT IS IF IF <0 "* 

Wore: FOE C-.RCOCAtt.Ot sit ©.= o and 

C0S6 o = ^ L^-WX=-StM^ l+^-.iL^O ofe -(4MV-U1 

“ '"4A. GI NcA. Wl 4-M J \ M ) ■» 

THIS P^OUGS THE VAuOlTV OF GX) AND THUS "Fb BUT FOB (MeUC/Cr OB8IT V= AND ^=UV'=&MM 
IS AN END OF THE Minor AXIS OF THE eLUPTIC T HUS e - - X I M (GH^ -I 6HiW (CHCCfcS WITH U) 

ORBIT T. x ^ Voond IN I3.I1S-') 




13.119 

PAK-TlCLe MASS *V 1 =|ttu&UPON 
3Y A roe.cc E. - (i o si n zO l+(ii.cos tt)l 
IF in Mt-wioss ,4. seconds 
veuic - y of pfte-nci_e^r=o at t=o 

nub: 

_ _ Hftg-Nirup£ ftMG oizrcrion of u- at t=4£ 


m0 o + Jf dt=iM^J 4 foe i.~ 4ieo 

* 

O +• J[(J6 Si N ZEAL Hl'Z-COS zt'l £ 1 <K =• >■ <o 4^ 

C)f|j ycoszt L 4-4> SINX-fc^-l — U0 4 

(-S-COS8 4-CCSoU J.= l.fe 

■ 0 *= s.cei + •. 

I g 4 l= sat, w|s ^ 


13.121 

given: 

y rZw v^= 3 o{t, 4 (^= 0 .30 

F’ND-. 11 

rmf foe. r^e- 

.-^T QLOCKTOieftcHB 

WMCCG \>*=0,lF 
1 _ (DA fe = o 


M &= ° 

~*\ I +• I 'j = | [—-M4> fc =Q 

n\y ft | 

^^ -4(.vJfe-o « {??%}' *3.115^ 

S * * $-Mb (iz.zh 

.Wi SlNZO* v "- 


<^ e --|W3jJ = 4t.0° 
3 58 


|(J>)a=' 2 . 0 ° 

WtCOS 20 r 


-O * 1 




13.120 


sivcN r 


5-lb PftCTICUr ftaeb UPON BV A 
Foece £= -2-t l k.+ C3-t , l^- (F IN POONDS 
AND t IN ^fCONDS 
VELOCITY OF THE PAMICLe 
K» Oc = (lt H/sH AT t= O 


ImW* Nt=WtCOS-lO° 

TMPULSC-hohGNTUH IN y. DltlfcTION 
+ x ^^WtCOSZO**-WtSINIO^ o 

4.= 3 V* _ 5 aTfe/s 


1 __ •vj^ _ _ __ 30 ^ t: f 5 

“ ^U{tCOSzr 0 -f siNio°V" (sTi f+/sM(.lo«osz<fi siwzc?) 

t= 1.493 8 


Fi m D: 


13.122 


CQAtin\E ftT WHICH VELOCITY IS PftEftIXfL TD 
1 HE f.-'IS 

_ . ( td the ccv- vccv- ONtM NC . velocit y_ 

(<0 WiCJ [ Fdt= VU O 

0 3 

But 'O x -o,ir velocity is Papaulelto ^-axis 

(|V C ^ 4 j[ -,-C-L+ tV.' ; i]cU-- £ 

- td|\ + & <- ■ -V • ■ J | ^ i ^ 


a ”£jfc£ 

-TTq 


bWEMI 

loim/s, 1^-030 
©= 30° 

FinQ: 

TIM 6 FOtTHC BLOCfc 
To EeftcH «J= 10 w/s 
Down audio the lcFT 


•JmO^ X Ft= ^ feNt 


\ O 

& 


C’ficr THE x COW FOMENT c* 1 ‘>v YFEOCitY is zefco 
-x*?=. o -fc*= Z.3Z4 


32.1 -3 


■k=l.32fcS 


Nt^YJtCOSSO 0 

'<i'O A 'X<»©M+,C0S3O o -W< A SlNiO=O 

x - ^ 0-A ___lo ws _i:ut 

A6 q^J.WiO YSiMiO) Vo.ZO-'B Fl'i 1,9 

wteo*3o\U so . _ 


(blSuasTiruTe -L=i.3ife, in CO 

CL +("4CI.32fcV^^’]-^= 

3.0<48-^ = O.iss-Sft)^^- 

O'jjS 14.95 U/s 


u 

^^3 


.r^WfSINTO* *' 

°g‘ CT’ 

'*^‘<^•1.— II 1(3- 


IM 0 ^=O 


-LU. >. 

yFt-=X| t Ut AJ C .= \Oy^/s ^TjQ. 

A V a =o 

Nfe=Vlt«loS‘S0O 


-^'0- B +i4 fc w t 6 < to s 3oft-W^s | M3o°=-^! Oc 

_ _ io w/s _— Its Ws =a.t/!A : 

^8° 3(sinso o -^ i ,C 0 S30 ! '1 

t= A fta -H: B<: = |.342 + 4 1 Z44= 5T.5<} s ◄ 
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13.123 


13.124 


GlVf n: 

Bear iDeivelujHeELs <sf a car. ^up pop. first 
L oft with front uJ heels jo&t off thC 
GRounD. Mr- 0 GO 

v<t+efus Boll withouTSupping Foe thf 

REMAINING IZGO^t WITH GO °(o ®F THE 

weight °n me rear wheels. ^ 5 =o.fcsr 
x&nore air and Rolling resistance 

Fin 0 : 

(a'lSHoeresT time Foe the car. iotravel 

THE FIRST GO-ft STARTING FROM tFST 
fb) hlNlMUH TIME FOfcTH(rcAR.TO SON THE 

_ WKOtir RAc e~_ _ __ _ _ 

(Ol') FlfcST GO ft 

VELOCITY AT (eO ft REAR WHfeUS skid to 
GENERATE THE maximum FOE.CF RESULTING 
IN MAXIMUM VELOCITY AND MINIMUM TIME 
SINCE All THE WEIGHT IS ON THE REAP 'WHEELS 

this force is — o.go w 

VlfeEL AND ENERGY*. T 0 + Uc-Go= T fco . 


given: 


FINS; 


TROCt ON LEVEL ROAD TRAVELING AT QO&M/ln 

braces Ate applied to slow it to 3ofei^>/A 
Anti skid BBacing system units dealing 
F oece so that wneets Ate at impending 
sliding. >q s = o.ts’ 


SHOtTEST TIME FOR TRUCK. TO SLOW DOWN 


r Q - O 


_”£fHW>X T, - 




<iy — fctTCo-fao'j(Go f ^ ^ (.37.3 

J <oU 

0 ^ 0 = 48.15" -Ft/s 


Osi f C^j = Qp 


t Ft=4fcHt 
Nfc* Wfc 


V 0+4Wt - Vi OLo ^ 0 = 48 15 ft/s 

' ti-<0 A 

« 48 .5 fl/s 


,= -z.4<?s 


The haximom rotce on the wheels foe the 

Fi2st GO ft IS F=JL( t W =o.tow 

Foe Remaining iRtoft rne maximum Foece 

IF THEBE’ IS NO SLIDING AND GO % O F THE 
WEIGHT IS ON THE fcEAfctDfciVE') WHEELS IS 
F = iV s (0.faO)W= W- O.SIOW 


^ and ENtRGV Toi^H^-T^ 

T o =0 ^0-to"(0'fcO W^to U =(D-StoVO(,l'Z4>U-fO 

X, •LiU| x 1.0-DU) 

?^Vo 

0 4 3bvJF(.snoHl7bo , W= xV 

EMPULSg-MOMENTUM 3 

FROM fcoftTo 13RO f t 

(So 3 4 “(ck? -Qr? ~""' W " i GlO fr^ S *ia°Ic?U 


lTt“ TN V. - 

(t )(48.!s'Ho5l^ >^.,320= q. 

"t d * iyi o~ M)-ic 0 ^ ^*i»i> HA>o = ^4qr9.80iR..i 


s=q.iqxs 
-ruis * 


13.125 


GIVEN*. 


TRAIN DECREASES SPEED FEOK 
eoo 4 n/Ii To qoJkwiAi AT A 
CONSTANT eATe IN Its. 

smallest Allowable Coefficient of 
FRACTION IF a TRONR IS NOT TO SLIDE 


I 1 +■ 1 I = f 1 t=iz.s 

mAj| vjt I mujj. 

1-JL 

/a=Zook.\r.lv\~ss .5 g >ws U.^ qo4w/tn=R5.0 w/s 

(«■.«-& ^ 5 s ) = 2S-WI/5 

13.126 given: 

teain teaieASes speed feom ioo4.im/H 

TO qoAlM/A DOWN a 5% A8A0E Af a 

constant rate in a. s. 

FIND-. 

SHALUST COLFFlcievrr OF FRICTION if A TRONIC is. N0T 

-_10 SLID&_ ____ 

O t W,»TOO Iom(m = SFa's 


y^j-ut^o s ©_— _ ^aotiE/uezso? 
1/ ~~ 4=sJ tt-v-lT-S 


4t .^Wt^cose 




r °° 

iSsTiW'loS^BSL 


x^ 5 iiyfg t^.cxis e t*(i jt^yNe^i^LT,, 

(SS.SG ^ ViUslill S^I2s)fc0S2«L7^'8l “ )(l25^Jgt°)='ZS-B 


gs.yfa-zs.c 


C^t.gnCizXcosz^, 0 . 


= O.BlO 
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Tliucit SLOWS FeOM foO m l/fc TO ZO nu/l 
DOWN A 4% SHADE WITH ITS WHEELS 
3UST ft BOUT TO 


SUOe L^-Q.ko 


shortest t i ne for t eucg t q 
wt 

- -, H^e ©=TAM 


■OVJ DOWN 


W'O. f1rHPi--)L=lMSK 
+■ ^ IM </, + VJ'h'i'Ne-Ft: = Wi ‘•5-l. 

<0,= torm/h- %Htt/s N=WCOS© W=H*g 

^XOh\«7lft=: Z<?,33Cl/^ F=^ s N-/{ t> WCOSG 

i (t)( s i n e.zfy~(D.bo)(*ti( 32 . ifiy.c.os xzqf’ft'l 
“{infOUtw*} 

3.X 6 S ◄ 


LgNSTH OF CABLE 
ONSTftNT 
L= 

d -^ = i^-ir 6 = o 


^’•^(OfcoHOS ? .19* i.1 N 1.19°] 


GIVEN 


XNITlftL fcoAT 
5P€cD= 

Qo AT SPEED 

;o sec ftPTtt 
-T inna tee 
\C 

V x — ll /.••./(a, 

W=^^8o lb 


WiOxW* wfcu 
0+(XT-30U|--L=^|K Z '1 
(,r-isU,.i= ^ , o'i 


N6T Foecc PBOVibED fcV THE SPlNNACE.!*. CMLZ. 
THE it) SEC INTEt AC 


6 -'l H 4 

1_B_|(K 0 Mx 3 + Uo -THt|-iV ^ ^ &' 

At>0 6f» Cl'S AND Cl's (ELIMINATING T ^ 

\^(aa±fisD* UO 


note 
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13.130 given : 

t»V= zooo 4^ 

*w T = q ooo ilq 

8000 k|( INITIAL '0'=AO«W'/V> 

zoook^a FINAL V = O 

._ trailer. Bettes fail 

^■= 0 .foT 

F' NP: 

(WSHoeresT time Foe. eio to cone to a ■stop 
(. b) fob.ce onthe cooPung DoeiNG this time 


U=40 4Wfo = Z5 **>/s 

l&'lTHG SHOBrtST TIME FOB THE EIG TO CQHC TO A 
■STOP WILL BE WrttN THE FetCTlON FoBCE ON THE 
YMEELS IS MAXIMOH.THE DouJN WAE.D FORCE 

exeere'D bv the trailer on the cab is AssontD 

TO Be ieBO. 5INCG THE TRAILER. BEAT-EB FAIL 
All of the braking poe.CE is supplied BV 
THE wheels of THE CAB ) WHKH IS MAXIMUM IUHEW 
the wheels of the cab Aee at iMoeNOtNS- 

5LID1NG. 


13.131 


GIVFN: 



W B =4fc^ 
irvic= ©4^ 

svstem is eeLCAseo 
FROM tesr 


(.O') velocity of 
Block. b after. 
a sec. 

tb) FORCE EXERTED 

BV c ON A 



fcwVm*') vr]f O 


C('ViM T Vtf]»o ‘Nx-t t(jrtt c +*'V)<y) | 

Met ^ Me—-(zooo'i^ 

Ft* (o.fejK'woo^t 

+ = - F t F , 

o = - (o,c> s 3 (2000 (^.81 ivi/s*) (t^V (jo ooo£^(?s“) 

H.fcOS ^ 


tninx 


ICWa+w^oQ-T Ct|-».W 
(W A FWt.') 311 --J. * rC**Vk' «c3 ^l, 
O + ClTJ-T^- I1V ; (I) 


t , '(MA+We^tl-V 

p {[OVWc^l. 


Block 6 


(b} Foe the trmlER- 




J^IK^ 

» jCDfci-u 

a 

+- Vw 6 ^-fci--j. 

^k°V' 


L Pr a c3, <T)t m B ^ t^= (w B u) a 

o +(T-4^.8\= 4 t7 (Z v 


=• 


^- 

CMtI)], 


bw T v3 x = -q t,-T.+tw T VJ3, 


FROM (O'! t ( .^= iRloU S 


O ^ -<^)Cl < > bO S^+(?OOOJL^U5-»'/s) 


<3?= \0^04- N 


<SJ = 10.2O^N (O') 


Adding CO ano C2-\(guN'iNATiN& r} 

to M »l-W,. t ; L Ok-ktei^ 

tfefcO t> B s 

lb) COLLAR A J+ 

i—s—i jK^)r° 

Tt .-,f FROM EQCl'i WITH Aj=Mltel 

co K W 


[ 1 — a -Co,g s') 

r= 58.S4 N 

Solving Foe Fc. in Cj*T> 

Fe.-( 4 <La)(3qz%V (d^(q 8! vV3B.eiN= 31.2N 
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13.132 


W A = 16 TONS 
W 6 =-|3TONS 
Initial velocitt 
\T = 43"M<./ln 
BEAfclNG FORCE 
APPLIED TO EACH 
CA*.,P 0 p4B<lOlil 


13.134 


&ivsn : 


LX 

tflOTiMe required forth<? train to stop 
( b^ THE F O RCE IN T H E COUPL I NG ASTNC TBA 'H SU 
ENTIRE TEMN -U,= 4S"(vuA= 4,6, ft/S 


Find: 


t-A^ &LOCC ACTEO OPON BY p AS SHOU)N 
IS INITIALLY ATR.esT. NO FRICTION 




WA-fW 6 = iSt 13 =- 6 itons= 4,tooo lb 


lw A f wi b ) o, 


t&l velocity at -t=s-s 

(b'lTlME AT WHICH THC VELOCITY IS RERO 


/A 


+ o =■ - U30OA4300^t,. x -h ^^- {iCi 

i _ (folOOCt \ lo )(, lo(o L ■ffe'i _ ^ 

tw 132.2. Ws'X&Goolb') 

(b) Oar a wa= ta tons^B fecsooib ti--x-'4.i&s 


Iwgcosso^VA. 

,« V <^o Nt, 


c^- 0 Nt| "' - P = loo-Rct. 

(p-} , 

o-lfa'llgHo-s')^') +-j(ioo- 20 t)dt=^ fctr x 

0-2.?>(q.si'>T(i ooHs , )-(iong^ = <a,_ 

4, 

u= n.i4 •§ 

Cb^ at t= s% N \^= n w Vw/s (from uiY 

A FILER t=5‘ S , P=-O.OeNOTe BY t‘ THE 
TIME FOR. T-HE &UKK To COWS TO REST AFTER 
■fc= S" S m | 

AFTER t= TL r^gSINSot 

COS 30^V ' 30* T"3 

C 3 

r 3 X 


l?* 

Jpdt 


W ^ \X= o 


^ - [(4300 


4,42.5’lb 


£-=4,43 lb T 


1 "" /l1 W ft =\%T WjMST 

!8 loi» B 13 Ion, INITIAL VELOCITY 

IT = 45 Ml/I n 

| BEAlinc FORCE 

P B = 4300 lb 

appued to b 

l Gutnc-tua. 

Cdl'lTIMe REQUIRED TOR THE TRAIN To STOP 
(bl Poece in the coupo n ; as th e tra in s 
NTiRe train tr.= 45»m;/(n= At, 1’t/s 


•fc= S" s 


(Wa* HVI b ^ V*. 


FfeVs ( w, A*wi a lV ( 


W A +Wa.= 16+ IJ=3tTONS=<>IOaDllo 

•^-o- -(4300 ibH h ^ f ^poolbj ,(aflfe) 

( 32 . 2 frt/s*) 


mUx - mi^sin^o i 1 = 

(fclCirrtMOta.aOfo.Ot!* a 

t'- 3.44 5 


t !-•».= ZQ 5SS 
lb) OAR ft 


t 1 --j.- 2 q.Gs 


The total tikis' for T«e Buocr. to 
tone to rest is 

t=S>t‘ 


WiaD^O 




t= St3.44= 8.443 


Ma 0*1 


"* ° —ft (.-t!--».')+ W»1>| ti-x~ 24-55 S 


t=s.4qs 
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13.135 


13.136 



Given -. 


0 I 


E1HXL- 


k t-kg Block, is acteo upon BY The Foe.cE P 
As shown and is initially at best. 
COEFFICIENTS OF FRICTION, .qy=0.fc0 UfOAS 

lai velocity of rue block w t=T s 

(b) MAXIMUM VELOCITY OF THE ©LOCK- 


given: 


k 4-lb block 15 fcCTeO UPON BY the Foe.ce 
P AS SHOWKJ and is INITIALLY AT BCST 
NO FRICTION 


F'. HS ..- 


C.necc to see if the Block moves, w«eN p 

IS APOLie-0 

Jija 

P_T* p 2F=o p-4 a N = 0 

I F 

W=lMfl P=(0.boXU.q)CQ.SH!LO 

Bf. 3 N * 

since 3SL3N is Less than the initial, valoe - 
op P^lOONjTHe BLOCK HOV6S. 


"9M ffi 

_„ 4 >_ 


X ^1-2- 

T-Lv 


□ 


p= loo-zot t s F=i1 t Wi^t).4f)lGl(^ 

phj; = j P dt - F t,- x + ^ 

0 

5~ 

o 

Cn= SOO-ZSO-I3Z.4 +4VTt. 

O’x* n»/s ^ 

Cbl DCTEEMINE time at which the velocity 

l-S A HAximjMI, WHICH HOST OOcOB AT S 

o= | Cioot +1 o- 

O ‘-I'* 

O - loo-xo-i - zs,4q =io 

■fc= 3.4,8 S WHEN O' IS MAxiHOM 

SUBSTITUTE in BOOT 

O=0oo'rt3.t,8')-IO(3(>8Y : **1.47 3 fev W)( 


CO.T VELOCITY AT t= IS 

tb'i veloc ity at t =3S _ _ 

THE BLOCK DOES NOT HOVE ONTt L P=-4 |b 
FttoH t=OTO i= P= st 
THOS.TM^ BLOCK STAfeTS to hove when 
- t= 4/5-= 0.9 S 

□ (Oft FOIL OCtC-LS 

P= St 

| j Pdt t+ t,= 0.as bjf z ^ 

TwCt.-M ,*• 

□ opf std-t-^U-o.ayi^ 

mu ' 4 1 

*r. x — '~yL i j- y^HI-M s5] V4 » Vz«.»vj 
u 1= 28.<J8f+/s AJ a =29.oFfc/ 5 M 

(Jo} FW)Mt z ^^Tot*'JS 




O— I34.fe-? _ he Im/s 

Hkx Q, 




O 3 s-J.4.0 (F/S , FBOMUn 

:i P= IB lb 


’ w(fc j-ti'i IM ^ f j Pdt-W = Im 0"3 

0^°’' ^^o'H-[\o<k-4(3-2>|'0 , 3 
0 3 =(.z<?,o -Pt(s') - ^ ‘ bX ‘ S> >] = 

-03= ZQ.O+ 48.3 = 77.3 ft/s 


\J,= 773 tt/s 
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13.137 



siven: 


collar iNiriAL.t-V AT eesT ;s Acreo upon q 
K RDR-C6 PCIb^ AS SHOWN. No FRlCTlONl 

FINO-. 

(cnTae hamhum vecociTv of THtr collar., r> Wit 

_Cb) tHVf TI M g WHC N THgVeTOCITV 1 3 IEKO_ 

(ai PCIeLUlMf TlN\C AT~Y(ttlC.n COL cbj. -STARTS TO HOVE 

P- S-t s O^t 413 

totCAe HOVfO V/Ht'M p-4lb O r 4t=^=|l 

| *■ Pdt -J wdt=M'0 J _ 

.M r. 4 A, S 


* 

ft * 1 

4^Jwat 

Lft.. 


Foe. -fcc 25 P= S'-t (lb) 
2S^^- 35 P= 10 lb 

-t>35 ?=o 


Foe. -t-<‘5s w=^lb 

MH lV 'i-D.OC’Ty _ J 7.5 WtfgN 

_UdPQi*e is Haxihjh 


(0 lb |- 

, L 


'±5 (MCfTION STARTS') 

— HAXXMPUL$e= 4.&lbK-k S)+(fclfcHl *) 

. , ( 4 lb) 0 Ht . 

° + — (s-TtT HsS) 

, 'VW = 77.3 fi/s ^ 

(.b) V -^F°Q! TT It geito WHFN total impulse 
I S ggeo AT -fc + A-t 

Foe. <-t43 s^ rMPuLSe = q.fc(lb.s)> PA7T (o') 

Foe At BevorJD bs tmpo ls«f = - 4 at (lb-s} 

THOS 

Total tMP0L*£i = o = q.C J -4ot 

At.— 74 s 

tim^to 7.eeo veu)crrv -t= 2>5+7.45=5 4s •* 






13.142 


friygN; 


T.W > 
\ off line y 


Xso« INITIAL 

U6LOC.TV At 

A Tak«b off 

Jfy =1 ° **'*• 

iVa offline » ' Velocity 

After. j 

TAtSOFF- / 

II W5 AT S<5 I K 
rMPAcrriHff Ny 
, =0.10 3. 

’/EKTICAC- (LOHPOriCMT OF THE AVERA&e faWEMl 

impulsive force on athlete s foot 
FtoM the sPOONO.fxNTee.HsoFHiswe.'OH'i w) 


AUTOMOBILE TRAVELING AT 
COHes TO A STOP IN no "VIS. 

Foe.ee" ACTING ON MAN AS SHOWN 

Mams weight =• 100 lb 


o;=iow/s R ( At 

WiO-, t(P -W)bt — v* y-i_ tvt.= o.iQs 

VeETtCAL. COMPONENTS 

O t (Pv-V/Ko 18) =(W/3 HhH^N SO 0 ') 


r imp; 


(o'iAveTAGe impulsive Foace exezTeb 
ON THE" BELT AS JHOy/N 

(b) maximum Foece F m exerted omthf Belt 


Roece onto Beer is opposne 

Q ** /? £ ?,£EU 

i+ -; 


P,= w 


SHOWN 


Pv= &.2I W 


iyiO;= o 


13.141 


GlYg.N: 


/\r t =. 4 s- ivic/h= 4 1 > ft/s ^ vo = aoo !b 


Landing pit 


yei oc ity Berocf VA lJ'i — J F di. — (M tfx f Felt - f ^ V6 £ffc 

LANDlNG=30-Ri ^ 


AT 35“ ( ZOO lb Ml 

rM PACT Tl Mg l3?.e-fl/s T 


<7 OO lb 1 (GCoflfc) e- . . N _ Lt= 0.1105 

137.7. -~»V,.(O"0 5 > 0 


BEFORE C0K/M6 Hue —372:7 (b F* ve — 3730 lb 

T O A 51 OP ( b) 


= 0.7Z S 
WEIGHT-65'b 


QNJ>; 


\j=zof{J- 


HoeiiONTA.L COMPONENT or THE AVERAGE 
IHP J LS'VC r oecL ON THE AIH'JETCS F EET 
I WA-fc W= 1851b 

At=0.T7 3 

Cj +■ Cj — Tl_ 

j5° f\ p «tF. 

Pit 

ft/S . r AAt 


- o 


T M t> U LS E = ARtA UMBER. 

F-t OlA&BAM-X p (.1105) 
a M J 

FROM (fl.\ XMPucSe-= 
Ffc Ve bt=6727 lb)(.1105) 

^F m '.UO)=C0777X.H0) 

f>v= 7450 lb 


13.143 MaiyEbl; 


mo; +•( P-W)At--= 


UoCllONTAL COMPONENTS 

'ii (soy cos zo~'j~ Hi (0.11 )= o 

3 


“ I.^Og. GOLF &M_L HAS ^ VELOCITY' OF 

17-5" ft/s AFTER IMPACT 
DURATION OT |F|PACV= to^OEmS 
FoecE wet MS IMPACT F^F^SlNltH^) 
4 b’. 

_MAXI HUM rog-ce F" un,C)N TU F MALI -- 

O + r^O & O 0,= I1 SR/s 

Indt < ° ^=4. WUT^ 


^ *'8? lb)(3o4-/sycos3: \ , , J - Rdt r° „ m - 


Pw=<»4Hb 


rO.sxio — i- 

°+J Fm S'HjX-.dL^ (ct/lG) t 
^ TKsvio-» 1.57.; 


F^.= lieolb 
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13.144 



13.145 


GIVEN'- 


15 tg soircA-se A 

40-ig LUOSAoe CABtite. B 


Initial velocity of cAEBieR. < 0', a -=o.Biii 

LIMP; s 

vb) -\J B> AFTER- THE SUITCASE hits the 
tlGHT SIDE" OF THE CABBlLfc WITHOUT 

Ecbo‘Ji:o 

vO energy lost rV the "'Pact or the 

_, -SU I TCASE; OUTHE H_PoB OF THf C fVi-j'. P 

(&■) SINCE THEE.E ARE NO e XTE RNAL FOfc.CES ACTING 
ON THE SYSTEM Of THB SUITCASE A AM& TtH? 
LUGGAGE CAEt'E «C b. IN THC HOBl'tONTAL 
DieeCTloS , LINEAR- MOMENTUM IS CONSERVED 

(mhi^IU-3 o * ' 


fceroee coupling, zo-vmc) cab. is traveling- 
At 4fem.'vi AG show:,’ 

4o-»uq CAB- '-“AS ITS WHeeLS LOcFeO 
^=•0.30,40-^0 CAL otlLf 

EUifiJ 

(A-I VELOCITY OF BOTH CALS IMMEDIATELY 

fcFTeR. eoopu;i6 

Cb) THE T IF? E roe. BOTH OAfc-S to COME 
- 7 O Ets r_ 

<&) THE MOMENTUM OF THE S YSTE*1 CONSISTING OF 
THE TWO CABS :: CoNSfEVED IMMEDIATELY BEFORE 

<.no Arret coupling. 




40U=o (Zo'/4) 

Before coupling 


LtotaotO 1 

AFTeR COUPLING 


(v/AtWci ir= iM*,u A +-rv^J- B 

Ar — ° Ovj=-o.ern/5 'LV=*'^, B F<a B 

tvi a =4otg 

o =(!sjtg-) (.O* , 0 ~ o. a mi's ) + 4o (.-6N/5) 

■4*- 

V^ a -=2,q3 Iw/s 

(b) MOMENTUM !S CONSERVED BEFORE AND AFTER 
THfc SUITCASE HITS THF LUGGAGE CARRIER 
B —, T» aU« B , 

V. 11 ^A-t^aiu n 


Z AT - 2wv’ 

o 4-ftOMgH.4£jM'/ihW? 0 Mf +40M^ (v 1 ^ 

t ’ t cS?©r“' M5 Wh 


fcorL,= o 


I <°o >*3 I t 



iv l_ Ma y>A -t WfcV>B. 

( Ma + IY\ g 

reo H (a^ 0 

4>^=Oa/ b -I-<O e, = '2.4 3-0.g =2.13 lv\/5 
•U’=C'5-K2.l3'>-<40')C0.B')=O fU'=0 

(O BeFoRE -SUITCASE FALLS , E,= w*tj (. 7 W'» 

AFTER SUITCASE HITS the BOTTOH OFTVE 
CARRIER r x = 4 M „ Lfc 1 +• X a '-HYI^ Co.Toom! 

EME 2 GV LOST ^E L =g,-e,. 51 = IS 3 07 ) 

t> e: l - i( isy 2 . 13 V 1 - 4 ( 4 oMo- 8 ^-(is)foeiY 6 ./) 

_ t^ELFtfe.TT 


THE" FRICTION Foe.ee Acrrs ONLY ON THE 
40 kVia CAB- SlNce ITO WHEELS APE LOCtffi 
THUS, - 

N 4o = 30H40 x 10 I f J 

Rp= IIT. 72 X 10 3 H 

ftOM CQ.'i Oi=t/- I- 333 ^w/h = 0 . 3704 - lvi/s 
XMPULS6 HOHENTOH 

Vr |fm>, T j" F^d"t.= ^ Ka'O’- x. 

o -L 

(fcoXI 0 i>j'|^ 37 C 4 M /s)- f(ll 7 . 72 X 10 * n)<K >0 

-h= (6>0X(0 i) )Ci'3704) ^o.1888 5 
( 117 . 72 x 10 s ) 
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S'VETN: 


13.147 


W*= No Ud 
Wb= 123" lb 
PA FT Wn=3oolb 

v A/e =zffc/ 3 

TOWAB.B B, A FT FT. 

rue TAFT BEtAtS 
LCjOSc fcoh its 
AhchoE 


(a> speeb of-the if b oofs fJcrrHoyE 

(b) speec u B of 6 . if rue baft 15 not to 

Hove 


(COTHF 3YST6M CONSISTS Op A AND B AnD 

THE * AFT M*Ok 


< 3IVCn: 


O = ‘M ft g A FVVl (i 0 6 -'-^E'V?fc 

*?A“ VA/ e + ^ B = ^B/ e + iTe. ° 

Va- r /£/s /-t-g- R y 6 - ^ 

A B 

O- W A LyVOel FlM e 0)t -HWe^e 

y* = (.^oib') 

Cwb+ iftAa+wi^ U^oik+izVlb+BOolb) 


O^o.fcis-Pt/s 

(b} fbom cqo’> 

o= ao a <\7 a fW(jW b (-o (D^o') 

A ^_ _ ItuOa /O a - /L V/e^^_= z.-ft/s 


Cizs lb^ 


- 3 04 £t/s 


O r = 3.04 -Pt/s 


W A = is-ooifeq 
vrig=|t.oo£j 
Both cab.s 
TOiFTHeii ,'Sif/O 
At 10° NOE.TH OF 

fast AF-me. 

IHPAcT" 

>; 

'(O’) WHO UAs 

going FAsrt;< 

( b) spe^-D of 

rue faste-12. 

CA'2- IF Si.OlOS'fc. 

Oak. was goinc 

At so -tm/h 


fai TOTAL MOMENTUM ©f TH<F TiOO ca&s 

is coNseeve’b 

r—i _ Cw A t(M B )g 




MA MaOp, 

ZmO,x: m a o- a cos ic?= c^A<»vi A >Aj-cto3io (0 

ZMO ^ SIN SO c ' - WlaO^ClUn+A^U-SlMIU 0 

czo 

DIVIDING INTO CO 

SIN 3o° - l ' v ' f ^ Aj B « SIN IC> ° 

cos 30- rvi A aJ a cos 30” COS 10° 

= ( tAN3Q°-TAN IO° ) (Ivia Cos 30°) 

•^A W\ & 

- (o 40 \ 0 ) {. ItToO CO5 30° 

-vFb (TtOO) 

= o. 42A itr A = 2.30 tf & 

'b’A 

THUS, A luftS GOING- FASTee. 

(b\ sincg u fe was rue SLowefi. oait 

U- B = tso kfr/h 

O a - ~ (15, Z-ttnAi ^ 
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13.148 




-t= -as 


&^ EN ! 

HOTHER. Pvviti CHILD TRAVELING AT ZZ fcrvwOl 
IMITIMJ-y. M c =^oA.g 

chills speeti DEcee-Ases to a.fe&WA 

(W 3 3 A3 THE HOTHCE. POu.5 ON THE EoPe 

(i> KonvtiLS sPceu at the end of the 
3S INT£EVA«L_ 

(b) AYeeAG»e VAuieoFTne tension in 

_ The ' feoP6 DOeiNG THE 3 5 INTERVAL. 

CaC* CONSlDee MOTHER. AND OHTCD AS A 

SlNiG-Oe SVSTE>t. ASSUMING TH-F FElCTION 
Fbece ONTHFSFIS IS NEGLIGIBLE" 


0 —H3 = eHE 

(A^V) (w^oi) 

W c O- c tlM M 0-„ =.lM t Vc 

Vt *A>^7.2.W*i ■O-^ 3.6^1 "A* 

(zo')(I V) +&S)O Z')- 7.0 (3.6 'l ) 

'Ur , M =8.SlWh < 

(b^ CHILD ALONE - 

Fj»v b 

El +- 0--@ 


13-149 given-. 

A AND 6 on A HOeifcJKJTAL 
Ljf FRicTIONLesS PLANE" 

/ Mbr ATTACHE D aV AN 

/ INEXTENSIBeF CORD OF 

l/ UtN 67 ~H L 

/ , > NAss OF A = MASS of & 

/ a) 6 =u- 0 iV r A =o 

'nitiau-V 

find: 

1--«-4* (11 O’*' and Ob afte R the 

ooeo becomes taut 

(b) THE ENet^y LOST A3 

_ __ r Hg coeo BtcoHes TAt/r 

Cl) FOR. THE SYSTEM CONSISTING OF BOTH 
BALLS tONNgcTEb BY A coeo THE TOTAL 
ttoM eNWH iscoNSb-evFD 

A)a=m b =ho b 0 (tyoii 

/I *>* 


A|fl=M B =wo 


*w/ 

X® AA® 
O^Or" = / g- l 

A r a 


Cose= a /i_ 


^-ITIaT = Z IMO" llN6= 

x; -ma) 0 coj6 - mIu0 h 

(^b) x = - ^ o C05 6= 

IMA> 0 Sin © = 

31 NCt THE coeo IS JMEXTeNSlbLE- 

Oa = 

THUS FROM U') U 0 5INQ = R-TJa' 

•u^(at«,/z.QV'- 2 -o> 

Feofics') , , „ __ 




L 1 413 


foctfc - f>vt= WcOi . 1 

'°i-= 7'Z.jfc*n4v=* Z. w/s 0= 3 64m/U-l /n /3 

(zo&gKzw/^-FA* (3 s')=^O^)0 


-0-g=(o 6 /2L)\/LH3Q 1 


Fav= fc.fcrN 


I v. T- 

rniTiAL T= - 5 . w\‘»Uo 

T '=-L >v,Kf+- (v^=4»>(liMVl l H03l^)] 

T= k (^u 0 V4L I ‘) ( i iLVTa‘ l -')=lrv\0 0 74L 1 ')(L!F^') 

£\T= T-T * -b wLTo 1 - (nn <->o% L l )(t3+ a 1 'i 

At^M«/4^)(C--q!) 
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Foe. the system which is the bullet and the 
BLOCK , HOHfc-NTUH IN THE hOElRQNTM. DiPECTini 


13.150 


given: 


Find: 


Z-Ag spmee.g' connected BY 

AN INbTlTENSlBUs COED OF 

LENGTH 1 . 2 ivi to Point O 
ON A HORIZONTAL 
FfZICTIONLesS PLANE" 
INITIAL VELOCITY V 0 
PePPENDlCOLAR. TO OA 

'hahimom allowable i> q 

!r IMPULSE OF THE FORCE 
EVERTED ON THE COtD 
15 not to exceed 3ns. 


Foe. the sphere at t\ immediately before 
( :.l AFTER THE COP-D BECOMES TAUT 
yWO/i 

»"0 o | Q) + Q = © 

/ /\&- CoS _ '(-S)/li 2 'i ~ 4>5".38° 

Fat 

Mi0 o H F At = W Va 

/ Q AUJtCIti©- FLt=o F£.t=3M'5 


_ _ 3 N-0 _ 

0 (2>.»)(Sines;’.8‘’) 

1 u 


w.- 


Uo" 1650 m/s 


given; 


0ULLET FIRED INTO 
THE BLOCK AS 

shown 


UoeiZoNTAl AND 
veer (GAL COMPONENTS 
OF THE IMPULSE ON 
THE BULLET. 


<•&') FOB THE SYSTEM VOUCH 'S" r '-E 'cALLANO T|4E 

rt/n t. MoitEMTUH is conserved 

|UMy) B Kfviy') B Allfoec 6 % are 

<3 * (3 I NON-IMDULSIVE" fe XCEPT 

L ■ 1 = L -I THE EQUAL AND 

’ 1 opposite force-s 

Qvig) p =0 (_WO y p BeiLUEEN THE KATE 

AND THE BAt-L 

(mo") & =-{l/irV ) a -t-fmu) p 

C. IZ Tk<j )C3i*'/s')=(-0.|lskgKo B } Ko^SDAip Op' 

Up 1 = +1.5- (0 

SINCE THERE IS NO GNFB&V LOST THE 
KINETIC ENt'eSY OFTNE SYSTEM IS 
cONECVtO 

VLOWTIYlUeD’) 


13.151 continued 

BE Foe E IMPACT, T=4^eO"B=-'i(o.iZ5^)(3iH/sf=O.Si: 

After impact T-k^i^o^a. iM p (tfp) x ’ 
substitute F°e u-p 1 FeoHO'i 

r —^k(o.iisig)('u4jV(t L ') faisofy) +-i.s] 

r= 0.o457^yVo.|87SV B t 0.2813 

T=t' 0.5"fe-i.= AO<?37sCU"^%0«7SO' 6 + 6.V.8Ci 

UaVztr a- 3= 0 _ 
\T^=-2_£_£2TTC" =.-1 +2*-"2*,flT 
•2. 

( / O b =-3m/s before impact") u b = i ^/s t M 


(mo) B |o + 0= OW) B 

f FA4: 

+t (D.i2sfc^C"3wMtFAt = (o.rcyifegKi ^/s) 


-0.5" NS 


GIVEN". 

MASSES An INITIAL 

Velocity of rue BALL 
As SMOWN.NO energy 
lost IN tug impact 

Find; 

(O.'l velocity OF THE ball 
immediately a Free impact 

(b} IMPULSE OFTHE Foeci? 
tuEtTE 0 BY THE PLATE ON 
THE BALL 




mr=o 


CmtHlv 1 


— m Op cose 


— wUqCos e = Ch+i™'t cr V— cm+wi 

+* 

Bullet ^lone 

OrMf At 

/> t r A — * —► w<vr 

t P^AE 

—► - uvuTcose tP*fct= wor 1 


R,^t=^cCose[i-^; w 1 


^ ’-wur 0 •siNe + P ;] at= o 


ti Af = MMU"oODS0 
01 v m+H 
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13.153 




13.154 


<3iven : 


Find: 


w 6 = y-oi 
INITIAL sp^> 
of Tt+e ball 
— ?o t*iCA> 
avfeasf 

SPfc'(rL> OF 
rntrsoouff- 
Dotiwft iMfwcr 
= 30 ft/S 
01/6*2 A 6 (ft. 
OlSTAN ce^ 


AVteA&F ihpULSivePofc.ee' exefcTeD on 


Q= _^Q 4- O l U‘ =< KWft~ l3fc ft/5 

wTo ' 

t- A =^il_(]4£.o) S 

U Av -30 

+ —“V |jj /\J- 

° - Fay 14-IMO Fav - •£% 

= (*/■(,»b)(i3z^o * 74 .,ib 

^ CS2.2 Pf/5 l H'4oS) 


13.155 


fiq. Pis.tss 


IDENTICAL COUAIL 
WITH VELOCITIES 
F& SHOUM. 

e=*0.<oS-,*\=l.2 
NO FFICTION 

- , 

(a'u fc ' 

AFree. impact 
lt>' tNee.cv lost 
DOB.IN&- impact 


tA'i total HQHfcNTOH IS CONSCLveb 

0*=_5m/5 VJj£2Wfs aL M*=|M fc = PVl 

in go = h CD 

v fvi t vm o 6 =• vno*+ mOq 
-» ( + 5'W/s>K*2Ws‘')«‘0>f'U& 

7M/s (ft 

e£LATiv/e velocit-ie-s along, uhe of ihpacx 


Oq - aj; =. e e - o .fes 

u B , -O ft ' = Co t>s-'i(5'm/is-2VH/s) = (i\ 

l\bOlNC O') ANBW s i . J 

70j= a4S- 06=4.480*^ 

FeoM CO with u b =. 448 m/s 

O fe '= 7-W3-4.48WS -2S3NS-P ^ 

(b) ENERGY LOST DUE INC. IHPACT 


Ec=T^T a -T > :-T ( | 

EL-iO-UjUsV 2.'- (4 47sf'(7 525^1 

£l = 1-5'J4 vi. M 


6IVFN: 


KKSID QeAH WEIGHS 240 lb 

Block, weighs (So lb 
TNITlAL velocity or me 

S)L0CM = O fcNb IT IS 
beoPPtb FEOH "S'ft. 


initial impo Lse- exeereD 

ON rue CHAIN AND THE 
tNte/SV AKoCBeD BY THE 
chain if the soPPoenm 
columns a Elf. 

Ca'>06lD,O>te(?UiLVH£ NT Ti 
nuo PLASTIC SPRINGS 


T7=o V,= wifi=Cfcolb)(y-Ft'i=» ■joo ib-ft 

T>~ Va.= O 

T*1/|=1>+V* . _ 

0+-^0--L^) U 

U=V^OO'I(322^0 = 17.44 Fi/s 


□ + a - □ 

i I' wu=o 

W\jr 

^t-lMO+FAt^O (^)(rm'HFAt 

FAfc= 33.43 lb-6 f ON THe BLOc-t 

Fftt= 33 4 lb -5 ^ 

All of the f/netic ENfEcy op THe - fctocfe. 

£> ABSoBBeb BY THE CHAIN 

T= 1 (^o) (|7.q4)"H= 300 ft lb 

e=3oo ft-ib ^ 


momentum cf system c r BLoct and beans 

15 CON-StE-YeD 


[ |MU=o 




i(ti+b»W' 


Wi-U- CHt^u-' V* |2(n,1ift^ 

U = 3 syfili 

KfcTiiEBlNG- TO FlGOfce in PAeTCa') 

- iviop FAt^-w-a 1 

Fbt=to(tf- 0 ') ^*>19) (1144 -35^ = Z6..7 lb s ^ 

F= i l« vf- ^WIJHU= ]-^(3 

3 ' 3 E=l40(t^ 
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13.156 


eivEbkj 


13.158 


given; 


roewucAL couass 

*' » « — WOVE TOWARD 8W 

or wee. with 
veujcmes shown 
€=o 

3HOW THAT: 

(&) pnee IMPACT TH6 common velocity 
ij'=0/M(Va-'iV> , x 

_ (b) T ne ene r gy uoss >s 4 w W u n' 

(CC) u ». ^Va ^ 

CHI DO = U 1 a 1 e, = 0 B 

CONSERVATION OF TOTAL. MOMENTUM 


*•» a.waAj'' , 

o = 

(b) ENSR.&V loss 

. =l~ "'V +T tt ~ (t* 4 Tb v ) 

e u = 4 *» Cu‘ 

FROM to") 

-o'- j- (^-U^ 

E l = \vm ] 

e L = -k im j»TO- A o fc H>S = i *n U ft +^ R f ◄ 




initial vevocmcs 

AS SHOWN 
Wa- l-Slb W8=0.-1li 

e* 0.75- 

NO FeicrioN 


EJNUi 


After impact 

Up' am d Ua' 

(b) eneec>v loss t>ue 
TOTHS impact 


o ft _=^£t/ s Lr B = feffc/s up' , 
[ l.TIb I luolfcj — I.S-lb 


13.157 


QW £H-- 




initial vei-ocmes 

AS SHOWN 

^A^l.Slb^Wa 13 ^ lb 
AFTER. IMPACT 

u^=io.sft{s -*• 

HO Ffc-lCTtO N\ 

£ TH6 COEFFICIENT 

of restitution 


, h e> n ( © 

~'Mft'O'A ■{ =. ^A^a 4-M ^Ug, ( 

Cl-51bK loft/s') + (0<tU>) Ms) = tiiS-Ud U A + CoAL^o 

a ^ 9 ( ( * 

tS‘-t-s-.4 — 7.0.4 = o* -40.1^ (0 

FtTATwc velocities , , 

(P*'**(!>) C ■= CVc, - tr A 'i 

(io - fa) Cot s) = -o B -Oa 

-u^Oa' = 3 Cz) 

■Solving O') and li) simoi.t/NeouslY 

<u^=io.38{fc/s- 

T3ftWs-* 

lb) energy loss >. - _ 

£(_= ■* 4 w 'e> v ^e> — 3 ^a^a 

El'TS [O sVjo^-t- (p4 XM-(is)( 1.51 s£(fcflOo.yi 

g* J-- (. 150 + 32 . 4 - si.ssf~^s%) 0 ^t/^) 

L (3L)132.Z4Us^ 

e, _ 39^7 - a.Qfeu3 e L =o.ofan(t-lb 
G-Ktt.Z') 



WiaVTa 4-4vi 6 o b = Ima'Oa 

(i_sibXto Ctis) t(oa IbXUH: fc) - (1.5 lb) c<4') +ioilb)(l05«k' 
3~ *3 ^— 

Ui.'= = 7.10W5 


O-b-^a _ t0.S-7.3O 

e_ Ivo, Tt “ °' Soa 


g>lVEhC 


e = o, 8 oo 


TNlTtMJLV ^A- °a- ° ^ I 'Sw/s-^ 

ALL CABS. MAVg T HC SAMC WFIGHT 


FIND'. 


^Bc—o.Q 4 Sab— o. s 
Ua',Or,TJc AFTee ALL COLLISIONS 


rw A =i^ n) = 1^^= wv 

jiON BeruigeN B ano c 

g total MOMeNTDH IS CONSfaRVgQ 

^e. 1 o c ‘ vr B =o y c =i-S wils 

n&n i ^ i — i b i | g.i 

tiriAJa + bAOt= iwOaFivrOe. 

+Ut = °' t ' |,S ’ Cl) 

(continued) 
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13.159 continued 


13.160 continued 


RELATIVE VELOCITIES 

C-wxo.ev-C'dfc.’-'Ofe^ 

- i.z=o c '~o4 (i> 
Solving (0 AnD U'i SimultAmeouslv 

u b '=I.3S m/s 

, , 1^=0. IS m/s-‘ 

5iNce T> 0 > u c ,CAR G> Collichts with gab a 
COLLISION Betinffn A ANb e> 

^A* -O-b" <T^=0 0b=I.^ 5~|Vi/s 

— no n ~~i = rx~i r~e~n 


— no n ~~i = rr~\ i 5 1 

KVI <V F tor Oft — H'1'0* t WiO* 

o -H.3S- (.V) 

fceiATive veupciTtes. 

CoK-^e AB =C^ b , -u A "l 

(o-|.3s')(0.S , >= Oa’-Tj* 

O a '-Ob = 0 . 4 , 7 s - c^'i 

solving CM AND CO SIMULTANEOUSLY 

eO A = I,3^f0.fc7r 

< U A = COlS w/s-^ 
. .. , 0.338 bi/s^ 

SINCE G G O. THElf A 2_iS No 


13.160 


o]VEN: 


ABC 




spheres A,a N C of 
EQUAL WiFlGHT 
INITIAL VELOCITY OF 
A IS Uo AND b AND c 
AbC AT REST. C IS 
THE SAME FOa ALL. 
spheres 


W O a ANDO & AFTER THE 

First collision 

CM AND “Oi AFTER. 
THG SECOND COUJSION 

for ir\ spheres,the velocity ^ after. 

IT IS. HIT FOE- THE FIRST TIME 
USING THE RESULT FROM PART CO TH-e 

-^P < kil!lL_QF THE LAST SPHFPF FOR lA^feP^S 

(on FIRST COLLISION (ftfcTWEEN A and 
T ne TOTAL MOMENTUM! IS CONserved 

Lfr=L>~p LJg^O 

00 — 00 HMO- A tW<7 0 -|/wiVt WlO b 

~®" O 0 = 'U' A V<O e> ((^ 


Cur,-'u- B 'ie=c-o b -'u; N i 

vj- Q e = Oft-OA 1 Cl') 

-Solving equations CO and cm simultaneou 

O a ' = o e ,(.i-e)/z 

ufe,=-o 0 Ci-HsVz 

Cb) second collision CberweEN band o') 

1 hf total hohlmtoh is coNsecveo 

^ UcjO Ua 11 __cr c _* 

®©=®*© — * MO-B+IMOt-W^a FDHVt' 

USING THE ee-SULT FeoM CM FOR 

0-oO+eVz +o t-v^ 1 Cb') 

Beia.tive velocities 

(w^o)e=o c '-Oo 

SUBSTITUTING AGAIN Toe FEOM CM 

% Cj±e) CeV -Ur (4^ 

■2. 

■Solving equations O’i and CM siHOUAueoo*.Y 

aj- c ‘= ^ (ju 0 4+ey z fo 0 c i+ e'ice’i /? ] 

T>J = '0 o (iFei74 ◄ 

DQ=^ 0 Ci-e^/4 

(.O Foe n spheres 

^ LV V^ ( ^ bbALLS. 

0 0=0 O ICM — collision 

h-i n n-i n 

\we note fcjom rut answgc. to Part 
C b\WlTH ^=3 

=^='0- c .^^o0+ef / 4 

oe o‘ 3 =M- 0 (Hef''Vcii 3-0 

THUS Foe »\ BAULS 

ObCi+e'f" 0 /?. 4 ’' 0 ^ 

(<h foe y\= ^ and e= o.^s~ 

FeoM THG ANSWER. TO PA tT (jc.) 

WITH n = G 

Ar' fc i='w o 0+o.<is'i <y Ve Cfe " a 

o't= o.eei o 0 


0.881 Ob 
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13.161 


GI VEN'. 


13.162 


given; 


Wa= 3 fcg 

INITIAL VELOCITIES OF 
DISCS A AND B AB.E 
EQUAL AND OPPOSITE 
OF HAENITOD E VJo 
AFTEE IMPACT Ua= 0 
e= O. S'. CNO FEICTlON 

CM 

IJo") EANGE OF VALUES toK 
trip, if e IS UNKNOWN 


O a = «Jo OqjO’ 

0 0=00 

A B A B> 

—- w A -v^ +W B 0 B = imr-OrT Wa-O^ 

(3Jl<^(v*Vvvi& Wls 

It' = 3'U Q / (fv , 6 -'|J 0 

V =• l/o o'* 

ggLAUVE VELOCITIES 

— C^ A -/a a ')e = CvrB-0 A 'i 
7 0 - 0 e = -o’- <o 

•SUBSTITUTE Foe u' in EQUATION (p FfcOM (i'l 

z c 0 e =OoCs/wb-i'i u> 

e=o.Y U'iCs'i- VW-1 


initialli' e, 

AMO C ABE 
AT E.EST, 
QV= Z»Vl/S 
e=o.3 

HASSES AS 
5ho\nN 


Fitm; , 

(A-') V C( AFree. a h rrs e> 

Ano B hits c 
(t>\ 'U’r.afte'e. a hits a 

THE S ECOND TIME _ 

UP PACKAGES A AND 6 . \ 

^=111115 Uft -O 

x [ 55 ] @ = h Rm 

A C3 a 8 


MAy^M 6 O B =MM>A + lM6 0 6 ( 

Kxim/s^fo— § kt^u* + (4 

4 = zt>* +■ u 6 CO 

ve velocities 


M b = Vi 


(i>1 F120M EQ (S') 


e = O 


7 e +1 = Vim a 

.a, _ -3- 

h , 'B — cae+O 

Wi B = 3ie^ 

W B S I -fej 

liirij 4. ivi B c 3*9 


(zU.3'} = 0&-‘CJa (z^ 

SOLVING EQUATIONS CO AND COSIMULTANEOUSL.V 

'a A =ll3S vv */s -* 

U B =l.133"i/s 

PACKAGES B frMPC. 

O^J = 1,733 «vi/s o 

4fcq | 1 feftq | = 4^_ 

+ 6 , C & CL 

—- Ma-Oe, t r* c \T 0 = tvig-u^ twicUc. 1 

(4fc.g 10-133 Im/sVo = 4 O^' fkOi' 

fc.qai = 4 u- 6 VeOc (s') 

gEL fl-nve velo ci t ies. , . , „ 

• u c --as 

Oni3^(>3')=o.si‘?q='ir c '-UB (4^ 

■solving equations C3"> anO$M siholtamfauslV 

LlfcC. 0.^Ot^/s-» ^ 

'Ub , = o.3SU*US-'»' 

Cb^ pAC L AGeS ft AN p p, (second timeS 

\> a '=U 51*!1 L^ ' l = Q.3fl|^ 04 - Oft', 11 

fcfcn Mm 1 = iwi |4MI 

A G> A e> 

TOTAL HOUfNTQH CONSefcVED 

(SDC|.I33D-K4K0.38^= ’SOft"t4\> B 

io. see =- < B'O a +4 0 b" te'i 

gELATIVE VELOCITIES 

(0 A '-0 B "te=lV^LV' , 

Cl. 133-0,381^(0,3*) = 0.77 S-G = U^'-\>a CC ) 
SOLVIN Cs CsD AND CO SlMOLTANEOOSLS\ 
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iWCN 


13.163 CHVEN : 


PINO' . 


BeFode 


BAll DROPPED FCoh A HEIGHT 
of ioo-1/i. onto a et&io suefAce, 
host abound to a height 
5"3 in. ^ li'-S-SB in 

P anse or AumiA&iF value s of e 

On iFoen AccaeBMEb 
O Hoi ION 

^ T u- \T^ 

Otv_£ 


13.165 

r so s/ 

Lg - 4 m/j 

4r 

GIVEN*. 

■.< ■ B in/j 'V-Jj 

INITIAL VELOCITIES 
AS SHOWN 

H 4 a= <oOoa> 
lMa= li.A) 
e=o.a 

NO Ft|C-T|ON 


1 

Find: 

7 


/l^ and O b AFTE«- 



1 FI pact 


A FTC6- 




O’ 

COEFFICIENT OF eESTiTOTIO N €.= 

e= \fTf 

Kbisht of DeoP \r\=too in 4 v\ 

Height of Bounce S3>« ^ W<-58 in 
t wus _ _ 

NHET ^ e c\J 5fi. 

'IOO ’* I Oo 


0.128 < <S. <6.16? 


13.164 


/^Ao° X v ,, 

^)n 

BeFoeG AFTEtE 

Ofc=fa*"/s 

((UM r j»Cc.)Ccos4ori= 4 54b r*/s 

-3 8S7 W»/6 

w B = (M&'rT -AWs 
° 


BALLS HITS SueFAOF 

AT an angle e 
AND 0.6 BOON OS 
AT A ANGLE <X 


SHOW. 




=/Oj 


<*> © AND that 
°(o LOBS IN 
KINETIC ENekGV 

is iooCi-£heos l e 


IS CjONSeB-MCP 

OOo peicnoN^ 

pvi o t ~ 

VSIN6 = Lt'siNV5L CO 
L STITOT|ON C'A'biBecrioN'i 
'Lr(coseKO= o'cos* Ci'i 


t..v.r>e eo CO into eo.o') b.8T?= 

f TT ot, ~ £ TOTAL HoHEHTOH CONSggVeO 

^ ^ »a=W A (w\ m 4 

foe. o^e<i tanvptan© And <*>© ^ Co.fefeqH4-5<lfc ihM+U4jM-4WsWi4*Wj 

INETlC ENCC.G 

-3—sr— . -I V W B l*\ 1 u " <5 1 W 

SGOKeiNt both sides ®F CO andit} and adding ■ "Solving gq.c^') And C23 simult aneoOSlV 


rv\ 6 Co e 'K“ ^'a^bV t w 6 CUb\. 

Cp.Gt^C-3.857 n/sV O = (O.bi^Coj^+G 

-2.314 » = o.gCO^fCM^ Ci') 
Ball a. Alone KOMEi-ripN conserve b 
wa^v* ** Wt -3 «sr?» 

CO^ t a-3.«S7lf»/s U') 

ZfcPLACE IN C2l IN EQUATION CO 

—2.314 - =b. fe'lt 3.857)tCUftlt 
-2.314 =-2.3 14 -t'C'OftU 
(0^= o 

r\-DieecnoN 
tei ATjve velociti e s 

t ( , o B 'i s —fo b ") w 

[(4.S4b)- C-4)1(o.8)=^' b ) w -(v») 

b.87?-(0 B ') M -(<u;^ (31 

total Hohciitch coNscevep 
™a (\V»« t vh 6 (.\J^h=IM a l^;-HM cA>&>« , ta 
(p.bkaH4 54b luM-Vdft.j'it- 4 WsMliaWoV^ll 
-1.2424 -ta^ + 6.b(^1 M C43 


uHsin 1 ©* e ^ cos ^ e)=(p ( ) , - 

AT— ^ inn (_U' 1 --C\) , P']=1 VvnO"*'[l-C5iN T ©He\o^©')J 


iy\ o^cos 1 © (i-e -1 ) 


-y 


C^A V=-S 015 w\/s 
(.Oij1vn = I.SoZ lim/S 


5 /o Loss = 100 = 100 Ci-e^cos 1 © 


W\f-3.8S7^X^WaXf vr 6= l ' 6 °2- w/s 
,X^.©=37.2° 7. l7i0 

ia; ^=-5.075 I*|/S Aj°° 
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13.166 


given; 


13.167 


two identical hoc teY 

Poet'S WITH sPt-eDS 
Ufc-O e - iWl IK THE 
Oltt'CTIONS SHOWN 

e= I 


riND ; 


ANQ p 6 APlfcg IMPACT 


“A 

6fc " FoC€ k£\„ AF1£E - 


TWO IDENTICAL 
■SPHSEEt) WITH 
INITIAL VELOCITIES 
PeR.PeKD\cuiAfc. to 
G fcCH OTh€P- 

e= i 


iHOWTHW: 


ft nee. 


toA-Me, 


HW« 

CO f \=Caw/o1 COS 20®’=• 2-aiq M/S 
(!0n1 t -<r3w\fe^ siKio°- -l.oifal m/s 

C^B^^c-avv/s^ cos zo° = z.8i9 im/s 
(OftVt = (VVYs^ SlN20°—l02fal m/s 

-t-D irection 


IM fc CO;1 t -».02fa( = COA\ t 

ll OHt KIT l)H f )F ft IS CONSCttMeP 5 

V" 0 =iyi 6 t'U i*ifc 1 . 024.1 = 4 >"b It 

<U*k*‘*°*l *■ 


«n after. eeeooMD the velocitics 

Ui A NO Ub Ate ALSO PERPENDICULAR 
UAwiTH o^soffc/s ,\J 6 — 40 Pt/s 
and e=3o c (sample prob-WIst - ) 

FIND O*’ ANOUb ANDTHe AHOLe 
6erw e £NTnen . <£=i _ _ 

Ajw-6 VvO' 

W B 

EFOtLE AFTEtt. 


BEFOiE 
4- DICECTION 

ypJ^HT.OH _9f_ fe._ 
dWOASINe' 


(.0^= Oa SlN e 


wiu e ,<io5e=ivi(\>^) 4D , 

(0e\= O 6 (ios« 

^01 ieCTlON 


(VlA=tv'e 


I I KJ r-i ^ * v. u I RL HUPtMIUn 1^3 N t-^1 ^ 

IM /4^A)^ FlM 6 ( - 0 B'iH = ' V ‘A(.-OA^tlM B C\) B ^ WlO^COSe - »v> U B 3 IN© = -V w 

a 

-l.eiq-z 8 i9=(Oa V^isU (<Ja)„+O v*^.^U^case-u B siwG (il 

. , , EetATtve vaocmes (coeff oF^esTiTuriotO 

(Pa V s -tog, 1 m e = i (u;V^n=^(^*^ 6W eSme C£1 

•|yg~ ytcoenn£S (Coeff of eesTiTOTiOH'i Adding feQ CO And <2 ") 

P „ , . , , ‘OTftC.os© 

^ aJ a) w -C'1>bV 1 £~(Pft}*rClOn OVCzl (v j fc1v' = '' 1J B SlNe 

. i v (OolrT^AV* 5X38 . 1 ATaC-OS© 

LI. SIN© V ft J V fc J 

zta^ W-s.&3e v -^ v 

(0*1* -2.819im/ 5 Co^ w = 2.8t<{ IM/t 


o; *- -i°a s,w ® 


(Pa 

Co, 

h 


CASING V^fty 


VftCose 


t 3tvl/5 

“iw"’* 


ga-TAH^' l.OTC — ?<ri° 
2SN 


©= zo 

<Ua= iMfe ^40° 

VTft= 3W./S Z^°° 


rftN °c= — TAN p=- THUS 

ftHo 

Nusing tub eesuers Fg.oH«o _* 6 

«A=V^JiW; =N|y^siw’©iu B 1 si^9 

Ua= sin 3o°V^O'lV(4o'i L =2Sft/s 

=Vo^cos 7 6 vUa c °s^ 

Oa= Cos ^o° Vt^oWt3dl’-= 43.3 a/s 


O a = Cos 30° Vt4oW(3o'>’-= 43.3 a/s 
0Ui(i=TAN' , OA =TftN H, * 3fc.9° 
Vv^- ll >f= 180 -(d F9o-p>M - 40° 
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13.168 


G] 


13.170 




W1U51M30 -M'U 
(l:rVSlN3Cft = O'fc 


V A 


(vcos *cne = , u^ 
Usy£os7>cJ'Ko. c l'> = o’ w 


Ui,-11.69 im/s 


OHfcNTOM IN 


m O* COS © +HV^O- 0 ) m = (M A>b 

(3)fc0S 70.04) +■ o =($-V ) n tO^ 

i.oz4i«4r;)*ifo*) 

te^TWC VELOCITY IK TK6 B t>l«aiO' 
<2=0.4 COKCose-^a^^e- 

(J. 0 141 - o ) (o.q>= U c, - LoAl * 

_ ZUb =. lO?.4lU.9Y Oh =0.972 A 


c; 

T- 

ll.7.*« /l 


Ajr* |M 


13.1691 


<jW£N: 

BALL TH tOVMM NITIt 
VELOCITY U AS 
•Shown ball. 

eeaoowDS in a 

bieec-TioN 

PA CALLS L TO OA 

CQEFFlCteNT OF 
tesTmjrioN S. 
BGTVU66N THF BALL 
_ AND TH E WAU. _ 

IW OF SINCS 

SINO = SIN |3T° 

E/Z E 


v , 7^ ©=20.705 

<^= 45°- 20.105% 24.295° 
Cons of non rate in t. b^fcemo^ ^-L^3lNg=-AJ‘s^n.L 
CQeFF oF CestruniaN in vi • <ucc.c>seie= u'cosol 
DIVIDING, T^N© = TAN0< «_ TAN 20,105 °-Qflfl ^ 


TAN 2Vzqs° 


I (V^o” ''Ju CO^ 30°- <4'sin 50° 

(p^o -4l-fe4yC0B3O°VC7. SXSlN 30°') = 6.374 *w/* 

(^'0 o = U*| SIN^o°SOtC05 2.0° 

(O^o” Ul-WHSI^o^'^sVtOS'V}^ =-IZ.V90ft 

motion of a pe.orecxiLg Coe.ictN at 

t^= i,z + ( 12.340 w/syt-tofii kw/s'-HVz 
time to eefcH points Cija'o^ 

0 = i.if u .3<*ot B -(q.fti/z')-t(j' 

-t B =-z.Uos 

V=%oKO*) 0 t 

V* O tfc.374 t 

V^ e> =Ct,374^C-fc B 'l = (£>.314 W>/s)(z fclO V) 
•Y- B = IC..4.3 ivy 

d= y. B - t.% C0Tfe0°= 15.44 im 

d = 15.94 w\ M 


C4D SINCS O b IS IN THe fc.-Die.ec.TlON AND 
(A-SSoMlNCi no FE.lCTlON\THe COMMON! 
TANfeeNT BetyjeeN a and a at impact 
Host Be parallel to the y-AKis 

M fc l B o’ thus 

A B TAN o- 19. 

yyKT 1 c>-d 

®^ w ^? 7ao 

/ K ?" A ‘ e=zo.o° 


|MPACT,O ft 
IN the X 
Direction 


% 0' 0 =l5w/s 
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13.172 


13.171 


0 0 -si n 3o- = . 

(0£\.= (l5'ftlsH s 'rt* o8 '>- 7,5 ’ Pt/s 

“ mci r\nTi C?L i»* •‘■n—*** 


IM •0- a Cos( a o 0 = ivi(p»s) fe 

(o£ ) t -(] <o ft/s VCos <. o° 'i = 8.00 ftfe 


(-o 0 aos 3 o°-o')e= a-(p;in 

Ct7* (o.eXi^Pt/sHcos io°) 

lQ - 3<? ‘ l *t/s 


(%oi£= o-(p;v 

( I fc> « t/i'lfel N 4.0°') ( 0 • b } \ M 

8 314- Pt/S 


Hftec tiesooNb 


tU x \ 0 = -t<V- -8.00 His 
(0^ o =C.^V= 8314- ft/s 


*. DitecTION 


^ bl(LECTION 


X S (.^t=-9t 
u* = — s Tt/s 


AT a ,KV=o 


< 3 = toj ) 0 1 "i^= 8.314 

(U 6 ^-= o= 8.314-32.7.1 *-e. 

t^-O =■ 0.ZS8Z S 


(f\= fe 314 ) C0.15SZ) -0fc l Uo 2562f 
K-1.0 73 ft ^ 


*e = -<A = -st. 


d =(8Kft.2562')=- 2.0fc 5ft 

d = 2.07 ft 


(b'l \j b = (o^ = - e.oo ftIs 


0 B = - 8.00 Kfe 


Anes 

(LeBoOMO 


^o’^V 05 Scf-KO^SlNIO 0 

ljJ^ 0 = C7.THC0S3O*Wl0.342 N \SlVJ3<} 

iu»4l ft/s 

Cv a ^o-,-(v; ) t Si N 30% V COS 30 ° 

C0o) Q = -(i-sMSm 3o°^ +Go.3<ttVoS 3o° 

CU^ 0 = 5.?qqi Hl$ 

* Oitec-TtoN X= (^ 0 1 \^=^A. 

X= u.t^t v % = u.tflft/s=o B 

^bitecrioN ^=(s7 a ^t- igt'*' 

°r y i'»'3 t 

M ft 0^0 =^)„-gt fcB 

tk-B = o.»t,SO -S 

B . Q.i 

3 = Vi=Cm 3 )o 1 a-«t %-** 

In = Ib^oVllt' lX-lb3o'p0.4Z8ft. ^ 


Gl Yg.bt 

INITIAL VELOCITY 
OF BALL AS 
SHOW AT A 
e= O.fo 
y 6 is 

HOeiBONTAL 

FINS' . 

(d3 In a n 0 3 
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13.173 




\.Z irg 

W B = 4.6 

u Q = z m/s 

£= 1,9=^0° 

Ua A FIFE. IhPPCT 


13.174 




t«0 = li 


Io*k< 


Wft= O.sifc^ 
O 0 = ZWl/S 
4k= o.fc 

e- o.b 


PIMO • 


/«!. 

© - feo“ 

Ch! v V t m a u a cos fo0°= 

Wd 1 m/s 

MMfr g) l OTM HOIUHTOU '•iOHGlLMI'j Ala 

r ne x-aki^ 

MaUa fim 6 u b = WAlCU^tCob© +(jJ) ll ') 1A Sm6>-w e 0B 

(i.Z 4g \C-tWsW o =|.7.|g')[(- i §)((*» )+{ulV 1st N.fctfVl 

- 481^(0^ 

-1.8= 1.0-34itoi^ - 4.8 o‘e 01 

?et-Anve yaocines in thc v\ cng_ecnoN 


\Ja = o M b =um/s ^ 

a C0b= CfST - 

_ ft 0 

$GPOR-G KFTfet- 


IftlhAx.HCttHr In 
0>1 DtsrANce >. 
T2AVCL60 0VTHC 
euoae. 


I 

b VeuOclT\CS TOST 

Anee impact 


[v/a t m e -(u B ^1 


e _" fiH3*Nfco*HiV»-u a siNbo-^J^ 

O^-aw/S -i.73z=-o efc6,Oa-(aj;^ ui 

e= <°o° 

tOLWIAJG CO ANb iz~) SlHULTANe005> LV 


w\ A Up, 1 ^ aOg, = M A \x'+/M aV^e.' 

o +(i 4g)(3. X’Ua'I KlljjVO^ 

4=0^106 (ft 

^eusTtwfe vciocn ies 

(Ua-/U b ^ e = (u b -Ua ^ 

Co-t.) lo.8^= O b _ Ua' 

- ifa^Oa-U-A <71 

iMfe CO ANft (.71 ■SlHULTfrHeQO^U/ 

u B '= o.e m/s u^-i.4 *,/«, 

^ /I coNseevMtos OF e Nfcg .gT 

v .o/ T^lW0O l x v,= o 

"£ T,= ^ w* (id mM = ?.Q8m a 

- i — ""jl O T-3.= O 

U=Ua=i4«v»K V\ 

T,^V,=T^-W Z 7.88 nyfft tO= <= + ^(9.60 


i.ie<v w\/s 


— O.G3Z W^S 


ln= 0.7<tt M 


©fa- jfa 

w L- x J-J\ V,-4> 6 = 0.8 M/s 

./ M=*J b - W\ 6 ^ 

"Fl^ 4 L lvia'U ( 1 = ^lM B t c >.8w/s1 X = 0.71 M 6 Tf O 

y.=^ fc N V-=^ t w 0 ^')fc-(o.b')(M e ,V < 18nX. 

Lii->—--s.se© Mb'K 

T,+U,-^=Tx 0O7l^a-s-.88bW B X = O 

O.0S44 IM ◄ 





GIVEN!'. 


13.175 continued 



<b) e=! , block e> It eeroeNeo To Position© 
WITH A VUDCiTV OF GIm/S-V SlNCC CNELCY 

15 toiHseeyeD.AND impacts block a which 

15 AT R.FST, IN THE IMPACT TOTAL HOMVsNTUH 

16 eoNSeeveD and Phasg h is PtPePTeo 
\MITH THE VELOCITIES OF A ANUS. lNUFE.CHANC.tA 
THUS 'J£— Snr\/%—v A»:P /0&'=0 . Since 
THEE>E IS NS FBictiON TWe se veiociTieS AEe 
TH^ FINAL VELOCITIES OF A AND B 

<£=l AJa'"=syWs-* 

6=0 , BLOCKS a and B AE6 ReTUENED TO 
Position © with the sah e velocity of 

15w/i-* SINCE LNFt&V It -'ONSTEVSt. 

rnete is no additional impact A no 
rm= spring slows Block. e> Down and 

A AND B SEPARATE WITH A CONTINUING- WiTH 
AMCLOCITV OF'R.Sl/v'/’s TO THE Y.16HT 


'13.176 


tmpact see wsei of fpob 13.175", e=l 

AFTE 9 1K PACT = o /Je= 5 it./s 

TT | _ y 1 rr M /< 

ye. ^ 5 wfe A ,;-- 0 

*“ -S- CDLsl 

© V 

«vi B a 

HAXIHUH deflect ion X^.. , Of T H£ SPe'N6 
WOE It ANA pwet>6 w ^ 

T,=-L Wi & (T,1 (.1 .sV)(s m/T = "S.1S T 
a **** 

T^= o U,_^ j-*w-J^iH^dx 

U 1 - x = -1C soHxm nv'V" ^ fcg X<fa l *t\y- 

18.7 S’ - 4 O lC„^c - 4.414 S' X „„ = o 

Xn«or‘>«2l»'ir 

PHASE TH etTOeM Of 3 TO Potpr|oN © BEFOEe 
IMPACT WITH A 

T a =o, Oi-)= +^fe(x M ^-i) K W B 3)LM« 

Tj= ^wi 6> o‘b=(o, 7SVO b ^ C! a _r ^O)(0,io3Zr^.4N5 ; (0^ 

- t (Ja-1 = IMT?- E.T<to= I3-H3 

<o +13.173=^5) <>& -O^ -4.l*=ll *vi/s —- 

aft eE impact with a ATVosniqH ©) 
pecATive velocities „ 

f4.iqt-oKi^ o* - cj" (A 


•0fl B -tn a =.|.5 >3 
initxallY 


°- s 

e=i 


FINAL PQ5IT I ON OF (<Q BLOCK A ( b)BLOCK B 


13.175 I 

1 wi A = m 6 = i.s Ag 

« 5m/l initially, 

IX) e=o 

flND-- 

(flL> MAXIMUM bEFCecriON OFTHE SPElNG 

final velocity of block a 


Oft * >e. pA— 


-i- UNA^t mBl\f e , = IMAMA , FW ta 'Lri 
wiA=we, 

5" F O = O/ FO b 
^gLAT I M.e" . Y £LQC.|-Q£S 

(^-o) e= o-a-OA 1 - 

ADDING O') AND (.O , 

siCl+e^ = ^c> 

7. 

Subtracting tz'l from to 

s li-e -1 ) = u-' 

2. 

<2= | Dg= 5 VYi/s 0-^=0 

<°=o ^ q ' = e.s-ivi/s <Ja ="2'5' w>/s 


lt= SO Ww\ 


la') CONSEE.VATION OF ENERGY PHASE IT 

gw., — A T K " La!=5 ^L y;= o 

^-rtHL_ FT *"! ... i.=«» 

© h- »_i© 

Tj— IB.7ST 

Vi=o 

AT X= X MAx % Tou=- o ^ Ya.=4r 4lw = 

TI + V^T^+V-l 

IQ.T5+0= o + 401^ ax 

<9=1 T-w»ix = 0.fo8s im 
£=2. both a and b KAve thcsahe vitlocitY 

initially AT©,E.s ivi/s ^ 

THUS T, =X lM A FWi 6 'l^W(li4^ Z ' 5 ’ ,v,/,s ^ I 

a. ’ J - 

T|= <l- , ws r v,= o 

^ X=Xkax T,= Q Va.»X|fe.X^; x = / 'O^A* 

TlFY.^Tx+Yx q.B7S+o= qoy?„^x 


e=o 


=0/184 M 
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13.176 continued 


•VI A U < :-t-rn B Oi' = M*O a " t- M 6 U^" w a = im o 
«*,+ 4-.Nl = Or^+U-g'" (t'l 

M>DING EQUATIONS CO AND l7"> 

K4iWO= to*’ 

W=4.|<1| im/5 

PEoM 6 q Cz'l AJ & - 4.|<1l-4.l<t I = o 
(a^ PHASE CT ( Vet_oc.IT T Op B = O AT (T) ") 


13.177 continued 

p«t r 

• -^snJ/T 


PLAlg- 


Up ^OOhUM 


r/ F -t~r 


L 


Z 2o ivi yv> 


NATIVE 


oiM-iq3M/s 


CTa'" = o 


Bcoct A 
+ 


“ H- -4 f“ F =^ k N 

T,=l im^p A ) Z '=Co.7st|'i(4.iqi N=w ^ 

^=I3.TT3T U,-^— “\M e ^V 


K-o-ple- tV+K^ 

<V=<); o- p =*.o 

0 0 €? — /l J'f> t( VL)?_ 


r^o 


U.-s=-4 / 4tS' Y a 

T, + ra.(73- 4.4lSfc A = O 


lOHgNT 


Final Position of a 


y-t=T.A s-* m 


(b) ^"=0 at ihpact Point and the spring 
» s unde flatted at this Point. 

V-&= o 


13.177 


I 


“*■ HWpUp =* lM B (--aBl,.TlMp(Vp) 

C° Ql *ftg) (o 0 ')-v-o=(o,oqi^' J ( _u BW' (cmo^l 

^0 = C-o-b) x ,+ -3 uv' 

Solving toANDlV) 5t MOOT Ant OOSLV Fo£- 

< 1 . 



0?b)%* °<(yj 


project 1 te notion 


O.tto tv» = C)n ( fte-0 t 
A . 

DlVIOING Pq M') BY £Q ( 3 ^ 

0 . 77.0 _ ee~^ 

0-480 qe 


4 .use = se-i 


e=o.Tsa 


Eim 


ball eeeooNDs as shown in figures 
Co and U">. foam Pub&eb behind piate in CzT 

it 

(al cocpFicieNT op substitution e 

BETWEEN THE BALL AND THE PLATE- 
(bl THE INITIAL VELOCITY O', 


/,*•' I 

• -!iV fig.Q'i Ball alon€ ~ 

✓ ' * FAt T 

/ EecATive Velocities 


AT 0 e=(Oo), 


4B0wn»w 


■fc= TINE FOE. THE ball 
TO H IT THE tSBOONO 

o.4eo lyi — u 0 e "t O'* 


PeoTECTlLE HOI ION 

I r.— _L 

3- 

o.Soo- i.§0*4.811 CsT 

•a- 

FQOATION CO 

0.480-A>e t 

±= 6 ^ 0 ) = i. e ^o 

Co??G9V>o ^ 

-Substituting Foe. t. IN Cs'l 
1 900 * (9.eiHi.8fco^’' 


O 0 l » ( 81.6 ?r 


vr 0 = 4.Vt- w/s 
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given; 


13.179 


GIVEN’. 



<Va= 1.3 lb 
We>= lb 
e=o.B 

find; 

(Cu Be BOUND HEIGHT 
In .OF THE CPUfeHC ft 

f}>) cQUIVALENT tVfe!li6 


Fioutlf As SHOW |N 13.118 CUsFTl 
W«,= i.3 lb,Wa=z,(, lb 
Eijuiv single speiN& 


') Be Bound Height (a.7 value of e R>e vuhich In is a maximum 

In .of T he CPUfeite ft (bl <?oeee5R3NbiNG valui^ of In 

I)") EQUIVALENT Vrt'Md _ Cc ) OogeesPoNDiNG HAX I HUM DEFLECTION OF 13 

CONST*ICT ft IF T HC (dtl Hw'ni Vl-ic.city of A (feeroEE INPACr'l 
Maximum CETi^cTiOh fcom solution ro Peos is.na ,\t a = io .77 ft/s ^ 

or 1 H€ fUATG IS sh '^•=10.71 *t/« » -oy 

® + ® T , 

L-_b_I = 1 B I W* 


(O') velocity OF 


|+ Ma (-0*111116 a G= W A Ua +IM B (--U^ 

(-10.71') f o = i^-u; C-Ufc') 

3 9 a 

- 10/77 = U a '-7U b 


I L. B. I 

* 4=0 

Berate 


A FT ffc- 


Xnitial vetoc itt OF a (Bepaee impac.t'i 

® T ‘“° v,-fau3Ui.e*) 

l.aft T-,_-1, y/ A i_)- A V a = o 


T.-FV^T-v+Vz 


♦ + (-M A --u a 'ie*l-^‘ v A) . 

1 IO,77e= uj + o>' v*0 

Solving O') AND Cn.'i simultaneous ly Foe.-U>' 

3O>'=(l0,7 7)(te- i ') 

In IS MAXIMUM WHEN Oa! IS hAxi HOH l THAT is 
WHEN €=l 

€-1 

(bl Foe. e= i 

o>,'= io. 77/s = s.sq ft/s 

FOe. P> ALQH6 


^A ’ O-r I.SiIO/a 9 1 //a/iTa Conservation of euea&y 

lines APTfc-e impact '->>.= 10.77 ft/5 ^ I C£) “f - C3) Y,= 


im a l-o A '> -t wi a ('u e> 'i= viy> A < •/nft.C-Ue') 

LA (-10.77')+0=J3 o; T C-l>s') 

3 S 3 

— 10,77 — <V-70 a O') 

k'' Mive vaoctT m s , 

Vo a -o,:.£- h>a' ‘^) 

/’ D.T»’< (0.8') “ /->e 7 OA U) 

V) . • (’• AWL S’.kJWANtOOSCV 

^v.' = ?..irft/s o 6 '= 6.46 ft/s 

PgaoPNO HEIGHT OF A - (COWSetVAKOH OF ENttCV} 

»= 0 i Tj,=X^i> a ' 7 Vz=o 

1 *)-r® Tj = °o Vagina In 

l 1 , Ta+Vi=T 7 > ’( V4 

^1 ' ID ® ^wiau; *•« o-- o + ^ u 

h= • 5 .( / b .lS ft/s)^l6? 2 ft/s*)=O,07Z0 ft ^ 
(b Ml 5~- 1 ® T a =4_M 6 iJ*i' Vi=0 

Oa=fcHfcW<s zirt^o.zifaft T 4 . - <=> '^ = - 

V A = 4 it. 

it---6 _l*-®. rt . ... .. 

t Ts.+ \i^T41 U 

?; 4 4 A (o.tiO 

fe = 72.llb/ft ◄ 


f ® O T ^ = 0 Va= Wa ^ 


u A 3 . 3 -q ft/s r.+v, = t^fv,. 

- o + Wa In 

n 7 - (jTOtF) ^ 

(cl Foe e> ALONE 

. 1 CONSe^VATION OF ENee.GV 

> I fe I -T0 FEOM cal') N e<? (Z7 
04 = 10.77 e-o*' 

X /U^ = 0o.77')llVTl.S < l 
I - >- -1 X® T.I® «* 

Ti= Z .08 ft I 1 ® Vi-O 

1 ^ = 0 V^-L, 4 '^ 4 :=s-ib/in.= tolb/ft 

v 3 - i/toTCX)^ MX 1 
T, +Y|=T 3 +V 3 **■ 

Z.oq +0 =0 +30X -i X=. 0 . 2 i 3 ^t ^ 









13.181 


L—3 ft —* 


61VEN: 


Ei tiD'r 


CAE 3 A AND6 OF THF SANE MASS 

E>eFoe.e oolusion a>>= s-wn.An 
BPAnes L^ctreo, /^=o.3o 
cp.^3 at e.esr m position shown 

(fl.'lTwe sp«?eb or ^fteroKe impact 

lb ) EFTeCTlV b CQgFF. o F PESTITU r iON.e _ 

,' a A l <J ft — s' ryu/V , \y a 

La. 1 L ~b I = I ft 1 fa I 

AR-ee BeRDEe 


SMl/fc= 7.333 ft/s 

\ K o> +hmbO- b = *v« a Ua I-Ivia tr B ‘ 

-7.33 4-o- e ,= ‘cV+AJ B ' O') 


W* = W B = 0.8 lb. Wc.= 2.4 lb . i{ t -0,30 
initially u a =u 0 = IS- ft/s >< r a =4T c = O 
After. A, STeites e> and t> strikes c all 
Blocks come to Kcst as shown in Co 

CaTcoi=FR of ResrnvnoN between A and 0 
AnO Bltiofhn B and c . 

it Place Kent "k or blocBc 




QAB ft (AFTER. IMPACT7 

Jwug _ < 




L~A1 czn " 

|—F^M O IV s -° 

- 12' -J Lt. F f(* 2 


-- 12' -L-i. 

'iTLC,,^.—l-2_ ^ 

t. ** a(J>;= O 

(pA yL (z.)(l7 ft') (b.sYll.lWs')- 2 31.84 Pt/s 7 - 

Ofe— IS.TZC ft/s 

CAR B (AFTBfc IMPACT^ 

u «%° ^ °b ' T!=X^ T a =o 

© I B | 1 B IfT) U«-x=AC| C M B q(3') 

F»— L_ 3 ft T I+ U,- V T^ 

U^= UV3ft'>(0.3')t37.7 mf 

(ObV^ T7.Qfe PUs’- 0[L= 7. fcl3 ft/s 
(TOM f 0 0- B - 7- 3331 *Vl Upl=7.333+ lS.77fc17.fcl3 

O- B =3o.7.ftfe=70.fcttli ^ 

Cb) BcLATiMg VCLPCITieS * 

Or^C — <0' b -a7^ 

C— 7.333-7,0.7') e=- 7-fcli- \S.77fc 

<2= ~.( 7 '^>1 3') — 0.7076 e=0.Z03 ^ 

- cvj.sVi 


Ff, I-izm.-U t -*= Wa CI fO 

0^=4*.* ^UtH, T,+U,-^=Tt. 

(lw 

La) z = Lf- z Mjl<\= (lsft/5')-2( i 3X32.zft^')(lft') 

(Ug) z =205'.fc8 Pt/s 1 , (O a \= W .347 4/5 

yaociTY of A frnee. ihpactwithB (.*JA' 1*. 

« t“»^Wa (,u 7 V T 3 = o 

I a I a 1 7) 

© Ui-3 =--^Va (i/iz) 

® T^i-Ui_> > = T'i >s (Va L(^k.Vw A /iVc 

La'Ij. —7-6 S') (37.7 ft/s l Mi ^0 =4.83 ft*/s" 1 - 

tfoiv* 2-^ a ft/s 

CONSt'ByATION OF. 


' Yklqci 

(aVI* 


JT] ££| 

* d/—^- —^ t 4 =^k£'^(4 

^ 17.144 ft/s L| -l-4 • --4 ^VJ 6 (I ftWcX^WB 

RT^kWb t»+U»-4“T4,62^^- 0*3=^ 

(COKTlHUeb^ (0:^=11.371^ 
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13.181 continued 


13.182 continued I ^ fimal icohhw') 
1 uecoory 


("UbVi 0-,=o 


lei cm - fp] i~c~i 

(aJe!4= U*32| ?t/s 


IMc= 2,4 


fcv\s(u- 6 \,+M c tfc= M a [V&u tMe v t ' 

0,9 (||,W>t-0= 

T ^ 3 

u.lll =0u-B)4t3O-c' 


CcoHPAe.<a Ficoce CO and n&ue.*? CO 
THUS AJc= 3.77 4 £t/s 


££LAT> Vt 


Cb ando 


e ftc = 

(_U.3ZI-0^ <3^ = -3.774-0 
€.BC= 0.333 

(tO woex Amo e>4eg.GY (bcock cA 

;- 3.774 Pfc/s-*" 4T=o 

Q®_ > _g,» 

r 4 = ± \^c(Oc f T 5 -= o a 4 -s-= 

l^+U4-S = " r S _ aTp (3.774 N |’ 1 -(0,3)Wc o 

^ 7.13Z.OCO,3') = 0,137t ^ V= 8.84 in. 

13.182 rtlK/PKJ: 




I 1 3 «‘' wr 

3W-C • 

2 ^ (I.S3 - 4 (oi')Wt=7y M- 
t.S" — 0.4^-t= O' 

substitute ufe.om(i') into cO 

i.s-o.4^t- o.zgt 

-i—C| ,S~ S rt/S'\ =0 0776 5 
V 0.i(37.2ft/5 1 ') 


FE.OM CO o-=(0.7.U37 TH<> V(d)=- 0 . 5 ft/s 


BLOCfc. <1 
O'= o 


A/ - O.S-PC/s 


I GIVEN: 

» t VJa=W&= l Wc = VJ 

>"- QH f'c. j rmriAu-V 

e=o & 

r <ND: /Jk=o,2o 

CcTtuie eeQuiCtD poe. au. BuJcts i 
TO Rfc’ACH THE SAHe Vt-LOCirV 
tb^THt'TO-mL OlSTANCP TfcAUeu.t'D B v tACH 
(iLOCt- tut IMS THE TIME FOUND IKJ CM 


c^ii c~:i cm 

© |_~g'^ w -^|Q 

T,= o T^= (O V"- ^ (°- 5 '^ 

Ui-a= Ff V-c =/^ t wyic - 0.7.WV-C 

r, Kit-t-T^ o o' 1 * 

%c~ =001441 ft 

v 0.2 m (57 2 <4/s^ 

7^= O.OI^f -Tt 

fta fi-B u-o.s*/s 

O'— i-s-ftte jii vj —«► 


CONIgEVATiON OF HOneNTUM 

^ a 3Ws_ Ui= o yvuO.t KViO„ + M.tt 


r *H t =nr-ir 

—i - 3-PO=o^to fe tO 

a v A ' \Tj; 

NTiyg ygl-0ClTigs (G=O^ , 

(o- a -a> 5^ e.- -o^-aV 3 = 

#*=0^ °” A Oc,= l-SPt/s 


T = X (2WV‘-S^ ' 2 -' ls ‘ w T ^i. (7 # H0S)=tJ 

1 -3- 3 

lli-7=-4-qtVg v: a = -o.6w9%a 
T\+ U lo-— "7\. 

VISW- 4UW(M^Va* 0* s ’ v * 

%A=0.077(b4^t ^=00776-^ 
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GIVEN: 


13.184 


MASS OF 


, «, , CA III El 3 

_Jbs I rs** 

M«N>Wlbl«Anp*ll||| LUS6AGE rv\=-isi 

e Bc =o.3o 

£ e»a,= 0.80 

(.^vuiocity of CAeeiec. a after. c hits rue 
WAll OF S TUG FieSTTlMt? 

(tOrne total gneeg-v lost inth? inpact 
B erweeN 6 and c._ 


ry¥s 

' 1.15m 


sivgn; 

XNO-IAL VELOCITY 

of xo^ OuLter 

= boo w/s 

l "' 1 Hass of Block 

»• =■ 4 JLa 

rno: 

(A') MAXIMUM weitWT 
V\ 

CbiToTAi, impulse ay 

-IW CORDS ON THe BLOC 1 


a n ^-S-I mis 


r3>°*,_I 


BL= Block 
Bo-BulUX 


« 6 l=° 


total 
+ _ 


i ntwm m x is ooNseEygft 


^LT^»vi B O g - WaO*' + W 8 0b IW^WerAoitj **V° 6l _ + °0uC.OS 20*= IMp^VV + M ^ItPvi 

S"wi/s +o = rfn F-O'e, (f> oHoit<jy _ boovnfe > )CCoS?i^—(4 .oz1q)(U^^ 

T>V£ veLOCLTISS , , d J 

Co-p-0 B )e fte> =^c.-^ O' i 0l ='L8oS (m/s 

. , COMSfcg.VATiou OF euec.6V 

Cs--o'>(. 0 . 80 > )= O-jj-Oa* — M=,o X=L (M a ,tM to VL'\ 

KcuNtw nr© 1 81 w 

Cs-M/sKi+Bo^iO-a T _ T,= (^J^*)lrSOSiiA/*'i 


Co - ^ A>r 

( 5 - 0 ^ (.0.801 = O-q-Oa* (. 

ADDING O'* AND 

CstaIs)(W Bo 1= 7.Oa 

0’^= 4.5 m/5 — 

thpact BgTiMeeN r andc CAnei a hits 


• ** — \ J - O 

T CZI© 

A ns 


IU’ B , = 2.605 HA fs 


T v = te.sisX 


V,=o 


-tw* c -O c " 

CsloJkjH 4 WsHo = Cdoiij') Ob +• (is-ij 


T>-o VA u =(f/ at i-iv\ 3lJ ')Qi 

V;j.= (4.07JtqX4aiifM/s‘-'iC^'V=^3q .44 h 
T,4'J,=T^+Vo. 

i5.aLS"+o = o-t-aq.44li 


(b) ZGFee. to Fisoee in pact Co-') 

r H PLX/SG-NOHGNTUH IN ^ Dl6-€~CTI0N 

Ci') ^ W #g 0 6u S4NTO+F^t<*W 6L +Vw X°bl\ 


ZELATIVG VGLoClTies 

1 ^Bc = *^c “Og, 

(4.5 -oV0.30)= Cf-UB" 141 

ADDING C<n AND CV> 

(4 .5 )<I to .y*«<(, VI5 ) O t " 

U^‘= 4.2 5<»rw/S 

(31 U R " = 4.5-0.375C4.7S45)= Z.qow/s 

(bl 

£T l = (T b ‘ +T c 1 -(Tr +T*." 'I 
Tb’- i tk.9K4.5Kifel'= 405T 

T c = o T b "- i ln»(p£ )(z-4 D)-K, ft , q 2 T 

T t '= (fmt4.15«»H45l* C35.76 T 

A\= C 4o ^ + ° V(lb8U-t iy.1b>too.5 T AT* 100.51 ◄ 


141 (o.o-ii^C-bOOlM/sH^'NZdV FA-t 


^0BlI q “ * 
* FA0=?O 


FAt= 4.10 N-5 
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13.185 


swat- 




OF 

ball 
^Q»=709 
b 0*7.10 <3 

&M.C OSoPi 

Ftes cY 
FioM e> 
In^o/ism 

fbAM eoetrt 

soMwt «rc 


< 0.1 Coefficient of BE^wruTioN Bt"f\oeeN th6 
&AU- AnO THE PlATES 
CblTHE WltHT Ift, oFTHF BALLS FlEST B O UNCE 
Ca> plate on HAeo &gooNO (Fi esr te boon o') 

T *Ji 

1 ''If/ cjms of iguceo^ 

V k y iM e o, i =^^o 

0 0 =V2g bo 

‘ gfiCATiyfe velocities 

<t a e = o-, cr,*= e V 23^.0 

P late on foah bosBEe. support atc 

o,=etf^ f£T N fr«B, . 

1/ h, * vP'i 
G)/i i <@\/ K— 


Points ©AND © V,=Vs=o 

XIM a \) ( = -^VH gj\) 3 3 b 

(Ma~ e\Jz|Uo 


13.186 6wem: 

- J W\ 8 =Tooq % mn=UQ A 

cT e = l 

A sreiK.es B 'with velocity 
\>o AT tO° SHOWN 

Coe.o &c attached to & 

IS INBXTGVIS I BLg 
Mo FILICTION 

V Find: 

VELOCITY OF ‘JACK BALL 
Lir A FT Ft. IM PACT, CH ECU. THAT 

WO GNetiY IS COST IK) THE 

_ _ _i hdact_ _ _ 

i Oo X ft FDt /« 

_ ® Ira ' * " 


($* < 3 - <5 


v -— ' v_y v-y feoh tiutKA-ncs 

°B = ° U B O b IS IM TH6 

xcnnecnoN 

BALL a AloNI= 

MOMENTUM IH t DtC-tCT 10NV IS 
cDNsee.ve D 

. , Wulfc'Vfc , 

TH0sCo A ) t =O ANDCSTa')^^ A~uo° 




ijRStKllWTJKS iv] 


V AT0 W E> ( r U^ B VrHpUp = IM a (.'Oj) & 'W„Cp 
Mp _Zio_3 r-TT /- . v i 

»ip To • — Cljz^o —(Aj^gj— 3 Up 


t&ATlVE VELOCITIES 

[Rv^^ =-o;-cd^ b 

e\(lQWoV6 = 0> l (^\& (X 

MULTIPLY CtT BY S MJA ADD TO CO 

4(oj ) B = (3 e - 

OoMSeCUATION OF LMttGV AT h^. 

thus <4 = Cie’-e') 

4\fci“= 4^ST? ^3^-e 

3,e-e - t.t>33=o e= 0.3ZS ^ 

k b) Rom u'> 4 Aj=e'^uj x 

FbiNTS©ANO© CONS. OF ewetsv -$.IM a O,= M B 3 Wi 

4e'*gbo=3lM 

V\,= t-tt8ta < 


MftO’oSlN W>°= Wl ft (A>^ M S(Nto°4-We,O a 
(O.TiSO^G Ay o =^D.\SOlS Fo.TOOA>a 

o 0 = 'CTa'* 2.3oqu- B ' CO 

%-fcl.AT IV 6 VeLOC(Tl£ S ClA-blCFCTIoN'l 

C'U'q- o](! = O’fe SlM fco-^A 

CT 0 = U, AT a “ / D'a CT."^ 

AOOinG CO A no Ct.T 

-2.0-0= (?.3oq+ o.sc,g n )Ob 

Ljjp d(»30()^‘ - ' 

FIDM CO OA^Ou-fe.to^CtBoOo^ = -0.^55-114 

Oa'=O^SS0 0 ^ 

\ef 

EMI-TIS-V ^ 

&T= Tl^a^a 

t, T = x [Co.bSO')(Do - (o .4^5 0 0 ^ V^1fl0)(oi30t^] 
O, [p •7>5° ( 1 ^- 0 ra(=S .T 00 (o. 3Q (,<?') ] 

o.na]\>^=o (cHect^ 
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13.187 


W\ A = 700 <J 
"2.1 icq 

e* 0 . 6 , 

5PH62E A EGBOUMDJ 

UP 


W) Angle Q 

lb'* euetG V 


tHA A 0 0 COS e GIN e 


—'-* A TAN© Cl 


13.188 


given: 


EMQJ 


WA=^»b 

vj B =q ib 
e=o.so 
0= 40° 

U A = |7.-Pt/s 


(<x^ veLocir\e« 
Arree impact, 
O a AND ^ 

Cb') EN E RGY LOST 


(,v '6 <3 6 + ' iw aA>o = IM q Og +WJaW1 x a> b =0 ( Ua)=o 
o t 0.100 =2.1 Og + o 

^>0=^/3 

to-ATive VELOCITIES IN THE VI-ttlg.eCTiaN 

C-VJ 0 3lNe -o^e =• “I^SlUO --Oa'cos© 

(0 0 ^Co.b)=UQ+AjA core (3) 
substituting feom (V> into 133 

0-fe4j o = D.3*3Aj«,tO A COTe 

0.Zfc7Oo= C A c.ot © cq') 

Divide W’i INTO cn 

. > - «= TAN © TAN*e 
0ZG7 Cot© 

TAN© = WiS- <&=C,Z.7° ^ 


,12 lt/< 

N^« ® 

0 so£y< 


I Fe*r At 


''•Kit* ^A<i>A ^ (Oa\= O 

isSrfrV* -^ c 


>teec.Tio(N 


Wl A A> A COS S0°4 W e 'J a =IM A (--Oa")C05 schW^o 
•LTg.so O a = IT 

(%)C^Xco5«o*H o^folXtoosrt 1 OjJ 


aii4o = -i.<}z6 4.o A l + ^o B 


Twe ve 


(fa') PEOM Cl') U Q = 0 A TAN©=-o;(.|.q^s'i 

^A= o.yiGg/O'o , Og= Oq/j CO C°A =L LT^COS ■s’o°+ ") •0- B = ° 

, i , , , >y iv Gx-oyo.sV o.t4zeoBT-a A ' o A =izft/s 

T L£«.t _ •x’Wa'Ja-^.C»V'A( yA^IM a 'U (i V ) Cil t=o,M2.SO E |+o A ' c=o,so 


r =4 (o.7UM 0 f- ^ ti-0 tauaf ] 


Tlo%T- ^[O'l-O iaTO - 0.2333] O^ 
Tlost- O.UOOaJ^T 

T LcjST = 0-1400^ 


00=3.34 ft/s—*• 
vi=-2.QZ fils h,ri 
^ ^LOST - O' 1 *GA^ l +IM0tO(w\’3 

4.4Z fflfe 

Tlo^r" ^ *12. ft'lb ◄ 
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13.190 c bweN : 


© 

? r 


TJ= i im Co 

Ui.^=-VM^m C I9oo^ 


Pellet o f weight W=zqi , 
shot veencAu-V Rises to 
V\ e =. 500 -ft. on ehctH 
Iaim=-19oo ft om n+e hoon 
fcXtt.efc*TlOM OF CtAVlTV ON 
THE HOOM.gv^O.lfcS^e 

V l(y\\ \K/C.TT> 0 BMt FQZ. PELLET ON THE EAi-T 1 ' 

9 ~r~ since Twe Pe<-«_eT is 

shot Peon THe -same 
1 Iftoofi PIS.TOU THG miTlAC 

I VELOCITY O^iSTHG SAME 

I. I ON THE MOON AmD ON 

, Ty 7 jJ^-L THe eARTH 

Woinc. aho eneapy 
HOON EftgTH: T,= X v«Oo x 

Cl |.^= - hi^(.300 ft') -Eu 
Ce l =u>ssof eNtt&v Dog to 
ocas') 

L Ta.= 0 

*(l90o') T,-30OW9e-EL = O CiN 


T^-o 

T,-Moo to<i M = o (£) 

"50BTEACT Cl') FBOM CZT 

- U)OOW9 M -f 300 IMOg +Eu = 0 

^=o.ifc5q e d * . 

to* (3-(\b) £ u =(»9oo)Cz/W>Co.lWQ e )-3(X)W«,) 9g 

& * Te 

&= tfeftfc «. Ife 


13.189 


given; 


find; 


Wb = 11 0 £. 

W»= fe OB 
A) 0 = 4.8 ft/s AT 
(o0° AS SHOWN 

e=i 

j 

Height \n KtAOifD 
6 V BALL B 


13.191 


given: 

/ 130 ft TOWER- 

k ELASTIC CABLE 

wrfF« ONSTeercHeo 

CABLE is to 
STRETCH TO 
100 ft WHEN 
A GOO Ifc WH«r 

\ attached to it 

\ Tfj IS MOPPED 

\ feom rue 

\ 'ff TOWER. 

FmD : 

T (.a) 4 FoB THE cable 
tbjDisiANce reoM 
THE GPOUND WHEN 

_ _ JUS^lbi 

Conservation of eNce&v 
O,i:o T,=o V|=ICjoW 
DATUM AT© V|= 4t)0H^CfcOO lb^ 

= <oX 10^ ft • llo 

0,= O TC=0 


85 ft = G»XU>Mt 

(.umvtctcheV) 0,= 0 T a =0 

-_L |fcx _ V 5 .= VatV e =0 4^£L6sft^ 

p □ —@ 3 

f r. Tw=faoolb r,tV. = Tx+V-z. 

ju^ o+fcxitf'= o+4u-sML 

C.C 0 MTINU 6 D') J33 I b/ft 


Ob’ ]Z. 


’r'fT T ■ ■ » » ». ■■ » 

x -direction is coNseRveo 


Ball a alonb 

KWEUTVJM ItJ E-t)ltinC 
COHSctVfcO x <\ 

X 

® o A 

ivN-.- ^ 

V-A' (Oi .1 
WA^A^Wlt 

H) t e ° =<CaW 

THLt> CO^I^Oa 


WT n O A SlN GO“ + IOA(-TJ^>SlNto4mB^e. 

^= 0 0 = f 8 Ct/s (p& 1 x = O 
to (4.e')CsiN 0*0 

3 a O 

4.|S<b8— -O.SGfc LTi+ZV a ' 


C" ^ e =-CgCo 5 3 o°-o; 

(- 4.8 -o'Un = -o,<a (j< 0 >u-o-OA 
eg G3 ANOir) SiHucTANtOUS LY 
O b '= Z.OI-hZMS C A '= 2.18 Pt/s 


bacc e, 


T.-JL U.023zV 


B ) © Vi=o 


Cg=3.0Z32_ 


o Vx— Wis h 

T, tV,=T a +Vx 4r V-P& C^ 02S2')^T= o + Wb W 

, X 1 T 

— o.v=h<i ft h^o.im^Pfc 

CTl)C3Z.Z ) 
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13.191 continued 


—«© 


Fhom (a'i, 4= s-35 ib/ft. 


13.193 


GIVEN: 


85ft 

(.UMST^CTC^ 


T»®0 

VJ= 1^.4 tb V, =<}«*, )03o-<T> 


. 13s ft T a =0 x 

re^cH - |q ^ TuM V a =V^W e =0+4^513^(130-^1 

Va=(Z-fa6 4,7) Us-dV" 

d=bisTMice FeoN\ t,4-v,=t^+v-z_ 

TH€ OCoOnC) O +(mfe'>(|^O-dV0 + (7W.fc7^1P 

efefc.Td-zasis'd-Fs ifeoie = o 
a= Z38iS+\j(23eir)‘ , >-dC2A6.'7'i(S‘i<,oi87 - 3100 ft 
C7.KZC > 6.7') 57.3 ft 

BlScABD S23-Pt (AS3HGS Coeo ACTS (N COHPteSSIOM 
•WHEN BfBOONO Occoes') 

-_d=37.0-pt^ 


PLANET OF HASS H *T< 
SATELLITE IN AN 
ctuPT'CAc oeoiT 


pgeive -. 


J. + J. 

*b « W*- 

wwcee V\ is the 

Angola^. ho*fc»inf 
USls CjOHSlC'iAIiOM 
OF tn€86Y An r> 
C.ONSbT’UAT 10 N of 
AMG.ULAE. MOMENTUM 


13.192 


GIVEN: 


2-02 SPH6RC A 
HA6NCT AT B 


tA=fe\J,=r 1 Oi 


V o=To 


°r t, Crt 


Ta*^vw0 0 '*’ 

., £SF K1 tv» 

Va-^“ 


txetTS A foece Vef ' 

F=o.,/r-(^ 

SPH6e^eei£A^61 r^FVft-T B +\/ B ^WVJo -p— n 


05 in 


fbom Position 

5HOUJN 

speeo of a 
A s IT- PASSES 


C-^c^e 


OF THE Hft&NCT 

\8'« F =• 0.1/F^ -dv</dr 

X v 0 V m =-Co.iVf 

■^®“r «-,-o T, -o 

4 in. 

^ 1 

?* Cv^r-°-'/n 

F, a = 14+o.S\M®Me-4?]= «•«■**■ 
*'■.= S,76,14 no. 


^-0^= 7l«iM[^ > -V 1 'l=^[^^ 

■SoBSTITUTC Foe Oo AnO O, FeoM CO 

V\' f v, - r^l = Ji Cl&ntfKn* i*\sWirt 

to) 


13.194 


GWEN: 


shuttle Acmobe at 

B* 4owi, 4> o -= se° 

host Be tangent 

TO OEI51T AT POINT 
A AT AN ALTITUOe 
OF ISO VHL. CNCINIj 
ToeNED OFF At B 


t b =l w oJ 


CV M 1pC- o. |V(&.7«,I4V=-O.OI2.IOS- Ib m 
CVfl), = V ( 4 .5-1hO= £/ vt . lb>(4s ih'Y 
. yi*Sl= 0.5615" (fain 

V ,= Wo),+ (V*),— o.56,7sr-o.on.io?=0.S'fd)4 (b-w 

V| = o'c>4T86fe Ib.Pt 

0.00,,41 oA 

v* = Mj V+ (V«k= (fc " b Vo- 51 *‘V(§^'V - 0 .137S lb-w 
Vl= *- O.I37S TWkv> ^ -0.0 II4STB I Id. ft 

FTVi- T^+Vt. ^ 34 bO+7SD —47-101ML A3 a"= O*- | 

0 + 0.0 4S8 t,fo=O.OOl44l 0 B - 0.01 MSB Ke=Vt60+40 =4000 IWL ig^=n^- 

io 0 a =2q.sb 

o&= S -.43 fife 


^ Va='^* - 

GM=3B‘*- (eq IT.ToT 

TfK+Vfj^-TftTV/tj 

_ -F DTOo"*-- 

F=3^fcO Wlv , , r ® -i. , ir» . 

V^= 3qfaO+7SO = 4ZlOIML A)a= 0^--Z3£. (l- 
Ker^ltO+^O =4000 IWL »TA=Aff - 7TS?.7V.^60«2f^ i-^ 

t4 000X5780') 

^ OF AN6 WO H. 

WsM B *r fc O^S(N 4; 0^=(4»oA7io^stN5S^o.T762<lVo( 
U'lANOCO [t-(?.T78iq?]Ub=U4Q5MC^ U«fli.«oW5 " 
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3.195 QPd E tl ; 

„ 2-lf-g BULU5T 

^ \J(r CN ITl (SC veux.irV 

10 \" /' Jv" W|® too w\/s, 

HoC-liOMTAL 

fclCOCHET 

,, ■ ■ . I— Velocity Ui 

= 400 (vi/s 
AT 20° 

BULUaT LIsAs/fS A | 0 -<V»nvi -jceATC H ON TrtfT 

Plate at an AveeAGg speeD of 5Z>o tvv6 


G?0«g HAHMtTfc 
D£oPS (.2 I'M ANB 
Drives A l4o4:g 
Pile no into 

THE SEOUNO 

Q=o 


AviiCAce ZesurAwa 

OF THt &600NDTO 

PeNerCAnoN 


THe HAGNlTObe AniS DICTION OP T(+E 

*veeAse impulsive fopcg exeerec> bv 

THg BOLUST ON THE OUST g _ 


F THE HAHHeg. At iHPAcrr 


-=0 Vh=IMO 0.21*0 

V H = (biso #^0.7*0 

V|= 7.fcS-2 T *' 

Ta.=4 M C x = O.’feSOtf^O.^g'lC 

3- H 


(m O, t Fit” IM ^-2. 

- f. Lig.ecTio»j MO,«osi 5 °- F t At- wO^cas zo° 

F t ivt^o.ozsi^' Uoo m/s cos (S'^oom/iCoszcPJ 
F 4 /st= y.oaz Ag-rvi/s 


since the impact is plastic os.—o') i ^S veLoaTV 

OF ine Pile ANO HAHHee AUFTHeSAHG AFTEt 
IH PACT 


Trie GtouNo fceiscTioN and tHG Weights Ate 

KK)N-IHPOLSlV£ ( 

thus m H <r H = (ni h iwpio 

K> 1 — ty\H Oh ^ f6T0) f4.ftSZlMfe)=3.q9Zv»/s 
C«VVv4-Fl(V\tiN CfaSo+l 4 o> 


' -WiO', :>iNis°FF w kt = W\O x tiN zo° 

Fr M~(0.Q2Scg ) (jb6o< m(5 5iniS°-HOOW/s SlN2<?3 
FiA^t= 7.3 ozs-^.im/s tsi*u>no h z 

Fw=V*3«S o lW& )/lor'l : : = 3GF.I XlO 4^ 

F^= 36.5.1 

F* V2S4• faf+FifaS.1^=445.1 JFn 


VIOL* AND gHCe&V 

II Jj?«9 


T 3 ;o TV=^(fc50 + Wo'fo.W f 

"Fx= 6.Z4SMO* r 

.^(Mh+IMp^cI -pAvd =ttsot l4o')(q.eiX.lto>f; v (.tio') 
,.-■*= 852.49 - Co.iio^Fpv 


o<=34 <HlS =49.4° 
Foe.ce of th^p bixlet 
oiirne plate 


P= 44sAn 
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s>PHee.tr eeuTAse d 

PeoH He st at B. 

COED or L£Nfi,TH Z& 

3eeoneo i A'-p. At c 


And SLIDING- ON A 
Feiltionlcss soerAce 
INITIALLY 

^A~°0 AT ANGLS © 
COe.FFlCl6MT OF 

fcrsrirorioN ,e 


VFE.TICAL DISTANCE - 
reon od to rue 
Hic-nest Point c.‘ 
geAcueo BTtue sh 


how 


THAT n COMPONENT OF 
THE VfeFLOCirY OF A 

A Free impact is. 


Ca-M^csinve if w ft >eMo 
<.t>) NEGATIVE IF lviA<-eiVt B 
JO geiZO IF |M A - € W a_ 


c * —LMoH 


Tc= 4. 0-J' V t = o 

Tg^ ^e>“ Tc_m Vc 

o -v tUQrt Vi=4- v, ' v 4*'+- c 

l )r-\TzV?rq<x. 


8 > n 


V Pad 


atc (.AFree. twf coeo Decowes tadO w aV?a = w *Vo 




"*W4 


\J>" e=45 ° 

C * f • = « C V*- - s i n e =- w 

T\ v x 

fyiOt kio^ o-c=(\| z-fr HO^ 

MOTE: TUG tflElGHT Of <0c — i\fe 4 01 = Z^/ga 
THE SPtttee vs, A 
ioom- impulsive Foece 

VeiocnY at c 1 (.CoNSeevATioN or cNeeov^ 

CIG& 1 • a T c = i Hrt(nJ c S 1 ' Vc.= <=> 

\ 1c.' = -^Vvt(,A)c^ X V c .= o 

C C( N p" , _MtyH T t +V t ^T t ,FVc' * 

tv\I x k>- ^/>i<q.>o 

t* TO c“ (CDNS.ee NATION OF eviefeGY^ 

-1-° ,11- 

W^° T c ,-1 

a X '>.2.0. ^ x vX 

•s. '>. c" T c .=l«" ) 


\ T^O Oc» = 

\l h 

C. ^ ^atuia 

M"«i= 2 .^ 0 . 
T^-t-Vc =— Ic_m v/ c .. 

£ w\ ^a.+o=- o-PMg (a 
h=%OL 


T c .=Ep nv^a 

V c . = o 

T^h = o 

Vc"— h 


h= ono~i<x. 


tnses A AND g, (TOTAL MOhL-NTOM CONSettMEt)') 

W A \)>, F ^6^6,= IM a O- a ' 

NoiZFlrtL DIBfction: 

IfWft^oCOSeFO^fVA^^I^IMB^^ O' 
Feuvnve veLoevnes 

U) A cose 4v„]e= w - &) n 
a> 0 (^s e)e = to'A * - (■a;'! * aj 

MULTIPLY uS EY IM& ANb 50BTC-ACT a FEOM (1^ 

il> 0 cos ©(wr A -ew' B ')= (ivhmm b 

W= («o CDS e-K tvyew^ (V) 

(.Wa+ WbT 


(O mn A >ew\e, (O’aV Posmve 
(O (0 A )v\ kietATive 

fO toA-e^e, 4 j a w =0 
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E i.% r® 


0 ^TUH AT© 

J 1 B \ Position © 

0- 6 W A ' <J 

i TL=/K\(i.-4Mn*- 

r- 

18 1® 

*--*- W Tp.— (3.1 0 3 T 

U-=o \/*= O 


PoSiriQKl @ 

t 3 =o X a =^fPw c )<jd-w a gd 
Vz=CQ-6)gd = igd 

~tI+v x =t 3 w 2 

13.I02>4O = o +-2|d 

d= G3.l0^tyt*’K < ?.80 : = o -G> c *7 9 M 

d= o.tt.8 m 


13.199 


SiveN: 


FIN d •. 


MASStsS A,B 
AND C AS SHOWN 
TNITIAC 
^-O ,t= |.7lV> 

impact Bctvnvsn 
A And c is 
Plastic ,e=o 

'WaX.^c 

HiMeoiATe'cy 
A FT6^ A HiTS < 
(b)0lSTANc£ A AHO 
c Moye BFFote 
STOFPlN G 
<C) V AFTFe ONt 
_ CClHDlfTt r CVCUF 




©J-, - 

T->.| 


”S® 

T 


“I - 7-T L 1 ^ ! A 

jLAi <£=<> J^O* 


Datum at0 

Vo&JiLQH 0 

k**) ,-0>a\*O 

Tv-C3 

Vi=o 


PoSIT lots) © T^= L M|k ^Vf -L M a Dft 

V> A =A>e, Ct'Mfei'ATlCSl 

T5l= 1 (StOtf*- n-vV 

■a. - 3 - 

Va= 1) 

Va= - lag 

T'ltY.-T^HV-u 0 + 0 = V*'- vn $ 

0- A = ^)(t0|) = 3 032 £ \.TU ^ 

^ND 

fi 


c 


YlfLOClTV OF A AND C AFTeg A HITS C 
IT At 

3 f 


D C 
. 4 


fo^Wtiox 


lr>»% t)J=Ot CplASTC IMPACTS 

XHPulSF -Hok£NTOH A frwoc 

+ | t TAt= OviA+iMc.'iO'p, 

(s-)(U4l)4-Tbt= 8 Of! CO 

Oq,- aJ* j ujc Ctoto eerifciNi ta u t‘) 

B ALP JTAt 

+1 | H + CD = 

w 6^a m & iy K -TM.= w B +V 

(4>Kl'140-TAt“ CO 


& 


i, toa<->a=»\<V 


Cb) As Ti+e sTSTen (LerueNS to Position®, 
aftcc. stopping in Position ©.eNe&Gv 

IS CON-s€2V£P A no tn€ veuocrrves «>F 
A e> A N C Br c Oi.e THE COLLAR. at C , IS 
E-icMovto, AireTHe same as they weae 
IN l&T Asove \n itm rue si tec-nows E.svfciiv=D. 
THOS , <0^“ O^’« u^p- l.ifeT^ w/s, AFTet TWO 
tOLuAt C is tt-eMOYCD r«r veiociTlES OF 
A ANO e> dehAlN TH( 5AMC SlNCe thcaf 

IS no iHPousive Foece acting on 

eiTHec.. ®[Y;T 

_, 


Hi 


® ‘H® 




- J C4> 


° 


TilV-x'W* 


CONSERVATION or 
t>AT'JM A -7- © 

T CS-+( o yi.3fcl^ 

T^.— I '3 , 

TV- o V 4 = r* Q g X -h>^ X 

V<?=(4>-^0 X 


10.241 40= 

/= i oh4 
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spi-cee ft is 
Etu?as<fd fiw 
Ersr at t.u 
angle: e*. 

spwcce 0 15 

ftT eesT , ts 
WT By ft,AND 
eises to a 

MAX1KOM 

ANGUF e =Q 


e 6 in teens o\ 
Q.r/L* a nd g. 


OATUH AT(z) 


E nkcv , Oatu^ at-0 
PgS'TION © 


POSITION ® 

"C=l Vi=o 


©A=©B 
T7+V, =T^-f Vt 


Co-a -a>a 'ie = O^-Oa! o- a £ = 0-0 -Ua (3) 

O eQOATlONS CO AND CO AMD SOLVING 
Or - ‘t’ (l+e’WA (4> 


EF„= N*= 

G.w= O* 1 - 4 . (3s, so *"/&*’ ) 
~^T (.0.6 wrt 

Na=(£>, 3 leg K'^S.SO 


to , Ma=»3.3»N-* 

At a i+ 

iHb Mi ?Fw = N6 +wj= im£Lw 

Cl = □ a*-- of = (vmws?) 

J 1 R. (a • 8 WO 

V$ * mdL«\ 

Ni P = Co3^Mi‘t.eiw>Vs^ -^.34.9^ 81 
^ Co.ftWrN NB=4.4qN ^ ^ 

iwa t 1- ^r„=Nc**>Ma« a„“«« a 

C^C 7 Q Nc = fc > .3A9^3s.sow^/s l ^/(c l ,gii,^ 

t*a wa„ 

’ Me 11 <3>i> N ◄ 


POSITION Q T^liviCu^ Vi=o 

T*=0 ^3-^((L(l-CC£6 8 

T^fVipT^-V ^ lim('U^\ o = O C m^(le/.\-cos© B s ) 

(-Oq^:' j.^e>0-c.os©B > ) (s-") 

SoBSTirare- u& from ecjCO into e$. CO 

-L (lte?^V 134 QO-CO'.eA^ 

DtVlDe CO 1MTO Cb"> AND S€T ©*= ©6 
1 (ite^OA X - z3gB0-cose^ 

^ Oa» E9£a C(-Cos©bD 

«*/SU~0*e VV4 ◄ 


13.201 

£"-£M: 



300- 9 Bcooc 


c 

SAVING OF C0N4TAUT 
4 = GOO N/|Vl 13 

if 

INITIALLV COh»fS£J 

aU 

[60 MHW WHGN 

X 


THt BLOctc ti> 
Pd-tASt 0 . 

HN&; 


No FeicnoN 


Foe.ce exeirreo by the loop asco 
£>N TH£ BCOcfc AS a Pascssthpccgn, 


C<jO Point A 
(b) point e, , co 

POINT C 
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13 .C 1 





coilml wa= re ib 

SPeiM& is 
UNSTtercweD wu€W| 
coloq. is at a. 
Collae e€it>se^ 

fkoh (ZEST AT A 


Fmo : 


velocity at G 
Foe. fc=o.i lb/m 
TO Z.O Ib/w \N 

o.illtlm mctenifNTS 


XeiTe ^qukhoh foe, in TefcHS afLA 
O h =o ■ 



(•LO *-AlV 20 -tao -1 (.to)Q 36 KO 
(tlo+D.l^= eoo-KOO* VlOO 
&L- 14 6,4 IW=Uzoft 
CoKseevATtoH of owee&V 
u A =o T K =tWiV^=o 

T(3= 4= ivuJa’'-^ O'e*' 

Va=o (.Mmh_4i_k4 

Va = ^ 9 ^^e * 

V B = -(lZ lb ft) (COS 3 ol FJl ^(D»/iv»)OZ Irt/^O-Izoftj 

Ve^-n -iz 4-8.4ul)(ib ft\(rNP 0 T ie.iN 

Ta+ Ya =T b fVa o+ o %- n. Vi+Sttak 

Ob = 4 l ^3 k .] (ft/s) O') 

OUTLINF t-.F PgQC.gAt*V 

TnPuT Jk IN CO IN Ib/tin IN 0,1 lb/in iNCEEMOJi^ 
Am O stop v/hfn jfc_=‘z..c> iw/iw 
Pi 2 lNT VAuOe-S OF (iNft/s') 

N0T6:tou_A2. Mevee. ejtAcnes B Foe. 

It> ($Z. , lS)Mn.^Z')=: 1,434 Ib/ln 

PgOcSEAH OUTPUT 


13. Cl 

K (LB/IN) 

0.10 

0.20 

0.30 

0.40 

0.50 

0.60 

0.70 

0.80 

0.90 

1.00 

1.10 

1.20 

1.30 

1.40 

1.50 

1.60 

1.70 

1.80 

1.90 


VELOCITY (FT/S) 

9.39 
9.13 
8.86 

8.59 
8.31 
8.01 

7.71 

7.39 
7.06 

6.71 
6.34 
5.95 
S. 54 
5.08 

4.59 
4.03 

3.39 
2.58 
1.37 


13 .C 2 


QN6N. 


QNfij 


CAE. WEIGHT, W= 2000 lb 

foe first soft au. wekhtis on 
THE E.ETMZ wheels which AEf SUPPUfc 
FOE E£HMMlN<i IlfcO-Pt fcoVo OFTHff] 
Weight IS outHC' teTtt WHHfetS 
WITH Su PfilVc. IhPENOINC. 
H^-O.bO Afjt=0.& 5- 

AeBODYKJAMIc. DfcAC, o.oo'fev’ 1 - 

VKTH O' IN ft/± AND Fy IN lb 

VlTuaClTY AND ELAPSED TIME WITH AND WITHOUT PEAS. 

EVfePT 5 -Tt roe th£ FlCsT C »0 ft AW) 

EVE 2.Y 4of(. R 0(1 THE EEHAINIUS lUa.0 dt£_ 


A.NAlX SIS Vj 6C NNoElc AND ^NeeCrX IN INCREMENTS 
«*F fit = 0.1 (‘i.teTWCETl CTH AnO ctl TH INTEEVAL 

i-1 r^—f 6 _ i-1 r ° * 6T '^L.T I 

• ^ '—~ C o foe v.= o') 

v c p* y u. 

HcW 

to • 

O’cf,- L^i + ^ (F f -F 0 } AYl J Fo-o. 6 o L \ 

FiCST (oQ ft F 4 =^W<0.?S)W 
FOE geNAINIHG IZfaOft 

Fj.= ^.fc0)^ 5 w= 6.3<bW 


C atc= i AVn. 


HTi= o.l ft 

^ = -sza ft/s 

VJ= 2000 Ib 

cum inf or PEQ<oeMA 

ID6NHFV AJC AHDM,„ AS T||6 tf CLOOTIES IN TH6 CTH| 
iknetvAc without and with dea&, with \r «o 
And F 4.-0 use a loop to solve fobl Ov.*, 

ano TO SOLVE roe. -tL. Sum tx. to F<nd Kc AND 
SUM M.<_ TO FIND -tc.PeiNT 0 M t c ,V L AT 5"?t INTFEVALS 
lePEAT Foe EEMAinING tE4>0 ft vaiH Ft*0.3(.W. 

FeiNT 'Fc > 0- u ^fcw AT <\D -Pt INTetYAL^ 


STANCE (FT) 

V(FT/S) 

T (S) 

VlFT/fl) 

T(S) 


NO 

DRAG 

DRAG 


S. 

13.90 

0.719 

13.89 

0.720 

10. 

19.66 

1.017 

19.64 

1.018 

IS. 

24.07 

1.246 

24.05 

1.247 

20. 

27.80 

1.439 

27.7^ 

1.440 

25. 

31.08 

1.609 

31.02 

1.610 

30. 

34.05 

1.762 

33.97 

1.764 

35. 

36.78 

1.903 

36.67 

1.905 

40. 

39.31 

2.035 

39.19 

2.037 

45. 

41.70 

2.158 

41.55 

2.161 

50. 

43.95 

2.275 

43,78 

2.278 

55. 

46.10 

2.386 

45.90 

2.390 

€0. 

48.15 

2.492 

47.92 

2.496 

€0 FT. TO 

1320 FT AT 90 FT. 

INTERVALS 


150. 

72.65 

3.904 

71.76 

4.000 

240. 

90.74 

5.086 

89.00 

5.119 

330. 

105.78 

6.002 

103.02 

6.057 

420. 

118.93 

6.803 

115.02 

6.882 

510. 

130.77 

7.524 

125.60 

7.630 

600. 

141.62 

8.184 

135.09 

8.320 

690. 

151.70 

8.798 

143.71 

8.966 

780. 

161.15 

9.373 

151.63 

9.575 

870. 

170.08 

9.917 

158.95 

10.155 

960 . 

178.56 

10.433 

165.75 

10.709 

1050. 

186.66 

10.926 

172.10 

11.242 

1140. 

194.42 

11.398 

178.06 

11.756 

1230. 

201.88 

11.052 

183.67 

12.253 

1320. 

209.07 

12.290 

180.96 

12.736 
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<a!V£N: 


13.C3 1 


T»7 


ANALYSTS 

A 

rr 


t$p 


y: 

B 


y-ig BAG 

Rope =2,4 iw LONS 

INITIAL VELOCITY ggeo 

-IMP; 

Foe VALUES OF MAXIMUM 
TENSION F w FeoH AO 
TO 140 M IN ff-M 
I NcegMfcNT5,THg 

(a - ) distance h 
Clo'l Distance d FtoM 
THE VV all to the 
point where the - 
bag hits rue 

_ ,_ Floor. . _ 

bag Moves along a 
cieculae. Aec Ab until 
THE tope BtFAtG (tAtUUS.4^ 
Hew TONS LAW 

® -© ZF=IH. 

1 ^=»Y'+wgS , «e 


13.C4 | 


GlVgN : 


t sin e = h 

SlNe=-h Fwi= 2.w9 InT >>7 q^ = 3innq h 

©=»N ,J St ^ Vi= Fim A CB') 

3W 9 

FtPH B to p (WotectilE TCATECToey') 

v H - usme^ d= (A-tcose^FU-H-fcc (.4) 

Uu- = Ucose * ( 3 -h}= „T 9 -to /2 

-b D = - -T VlW+za-K) (s) 
outline or PeoGfAM * >'T' ~r 

WITH 2=t,4»vi,lfW = Skq,^=q.ftlw/5* in EOHJAflON CV) , 
ANO Foe F*, IN 3"N |NCEEMENTS FROM 40TO WO M > SoLVE Foe W. 

foe. each In, solve foe o (e«> i\ and e>(e«?Z). 

■SOLVE foe. O m AND O^. (ETQfel AND WITH 0" v AND h. 
SOLVE 7 FO*.-t 0 CK?.S} AND WITH ©, h,-fcD SOLVE FOB. 
d INCeQd). PClNT h AHOd FOP EACH Fvm ■ 


FORCE (NEVITONS) 

H (METERS) 

d (METERS) 

40 

0.652 

0.503 

45 

0.734 

0.585 

50 

0.815 

0.668 

55 

0.897 

0.752 

60 

0.979 

0.839 

65 

1.060 

0.927 

70 

1.142 

1.017 

75 

1.223 

1.109 

80 

1.305 

1.203 

85 

1.386 

1.300 

90 

1.468 

1.401 

95 

1.549 

1.505 

100 

1.631 

1.615 

105 

1.713 

1.731 

110 

1.794 

1.854 

115 

1.876 

1.989 

120 

1.957 

2.137 

125 

2.039 

2.306 

130 

2.120 

2.504 

135 

2.202 

2.753 

140 

2.283 

3.101 



n 


INITIALLY 
V A =c) V=|.1M 
PLASTIC IHPACT 

Between a and c 

6.—o 

| 

(airing TD COHPUXE 
lo coMPurrg c veers 
Cbl VAtue of x 
AFTfc-e THE IO r, 'OrtxE 


T,-0 Vi=o T 


miiLij! 




V 3L =fe--&^(Yc'>=-^X-L " ‘ ._ 

T, +V,-=Tj+V,. O +o= u 1 3 ¥l . ^ 'st ^i- 1 . CO 

AcceurtATlON FRoh 0TO ©2 S C6 NtTAMT, 
THUS AVgfeAfcG VgUDCITT |S O+OVa^ 

57 

Ar N 0 K = 2*L. 

(Mt 1 (S£3 C 

(ti-x) =M 4 ftVrL 

( AFTEE IMPACT ) AT © 

^AXSe-HOHb-NTOH Foe A ANt>C 

S-lifJ.) t + T6t= C ' L 

TH DUlSC - Hq KENT OH Foe. S 

Adding UCvJaVM^aV ^aU^-IL^aIl^V-^F 1 ^ 
FEOM©Ttf@, iseg tbi in socutiok-To mob. is.iqq ^ 

CONSERVATION OF ENgECV DATUM AT® 

* \-x\£ E, Vx=-o 

T 4 =° Vq= kvi 6 ^'|L^ rWA ^ t< . t -^- 5 -)a >c+l - 3 T kfl 

•FJ.FVJ.-T 4 +V 4 I2401(L + 0 = < 0 +aiLCti 

l ° <> Yl».= 1£L “K © 

TlHg(pTP® " b 

(fc^.v= S 

TlHg FeoH(2)ro(3) AND ftouQiTO© 

T a =±(M A t^Wc.W> ii 9 

T 3 =0 V 3 ={WA + w VL^dt-M Q ^dL=^fc^dL=ZjdL 

Tz 4V^T 3 +V 3 +a 3 4 ^ 

a ,-zdL ^ 

C^-3) L - 0.-7488 'flu (to 

Ct-vaV* Q 748s 'fK 

'LtDNTlNOEb'i 





13.C5 continued 



develop FoeHuiAG Foe <J A A NO Oi 


0.00 30. 0.667 1.333 88.9 
0.00 40. 1.037 1.598 83.9 
0.00 SO. 1.361 1.777 77.3 
0.00 60. 1.636 1.890 72.7 
0.00 70. 1.838 1.956 69.4 
0.00 80. 1.959 1.990 67.3 
0.00 90. 2.000 2.000 66.7 
VALDES FOR ANGLES OF 90 TO ISO DEGREES ARE THE SAME 
AS THOSE FOR 90 DEGREES 


e A AND B TOGETHeE. 


IM* U^-StKdo— WnO^lNeoVMijOB 

O.iS-O M 8,-0 100 4.^ 0 A =4Jt=fo (m/s 

ta SlN©o— 0 A SIN©0+ "2 -Os 
E£LAUVe Vfc-LOClTlVfS. IM Th€ » Dlg-gCTIQN 

C<O fi - 0}G.s*«B 4,H ®b“ A, A , 'U’A-Og-foWS. 

(ot =A>a5*N®o"^A C^l 

MULTIPLY to av SiNOo AND ADD TO COTOGeT4>a 
Ob' — iDsmeotue 1 ) O') 

C2.+ 

suasmure < 3 ^ in CO fop. <V 

Oa = tsiN t o.-n& CO 

CitsiN x e 0 '> 

Foe Qo» A0 a ,Tfit=O v A HD BAU. A AT A VEIOCIT Y 
OF Ca W/S HITS BALL e> VNHICH IS AT O VglDClTY 
And IS not CONSTRAINED BY TH£ GOCfl.THUS \F 
omlt magnitude ape eoNStt>ee(=i? .o^anoOos have 
VALUES Fofc WHUH Aftt TM€ AS FOC.B^'tO 6 

^Nfcg.g-'r LQST . , 

oe= ^km^Oia-•^(imr'Ua TlMg,o a ) 

4 K* ■ ^L 10 ' 1001 °<&\l 

OUTLINE <->F Donr-PivP) 

1 TnPOT ©o INTO EQUATIONS C‘6\ ANDU'l FBoH 
20° TO c*0° IN INCPgHfcNTS of 5° FOE. €=•', 
<S=o ns And C=o to obtain O* anoo^. soBsvnuie 
m* anduj, in (s'i td oenuN ae. fbvnt AJ^-Oo.Ae 


13.C4 continued 

Total TlHC To COMPurrg THE L th cycle 
eqs. Li\ +■ (fc H (7^ + CS') 

t.^ — (t +- Ctz-iV t (.ta-l'l L T 2-4 V 

tc =((.498 + 0 . 1 <* 8 Q 4 6 . 148 a H-Mim) fu. 

■bL= 4.1 T 2 ftcTt C&) 

OUTLINE OF PfcQGfcAH 
SeT Tt,= l.TWl (C» t') 

(0^ CALCULATe *¥*C4-« PEoH EQUATION (,4't 

Foe c= i to (.=• io. Foe each value of 
y. use Equation Cb^to detcii.ni ns -fc. 

Fofc THis c 1 * 1 cVcue. sob t's to obtain 
t<fg TOTAE TIME THEOOdN Ttte lO TJL C.YcLE. 
tb'i FoE C=lO OBTAIN y. Foe TH«5 TeuTH 

C.VCLG 

Pea nt totm.T ine and x for . the i<Jcyc.uF. 


TOTAL TIME-23.1 SECONDS 
X POR THE TENTH CYCLE-0.01367 METERS 


13.C5 

GIVEN.- 

1 

r 

W B =TOO 9 , »Ylp= 3TO 3 
nj- 0 = e ffi/s 4r e =© 

Q^= 20° TO I5£f IN 



io® iwoeeHt nts 

find: 

UA AND o 4 AFTge IMPACT 
AND eNEC-GY LOST Foe, 

J 

y# 

e= 1 

tto e=o.7g 

ccy e=- o 


13. C5 


c THETA (DEG) VEL A (MVS) VEL B (M\S) « B LOST 


rn 0 U^_O 

V- 7 


L- ^ WaO* 

o' y .tac^ 

Gr + (Su 


K>«= *>; 


ftjFftt - (V) 


o^e r c qo 

v.^rviRO-R 


— m 6 v 6 

HoMeNTOH OF A ALONe is 

coNseEyeo in the 


(cy> fc =0 THUS 4>/k\ t =0 

and is along tite 

w a a is 
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Qveu: 


ANALYSIS 


IN HlAL C IP CCILAE OE£>lT 
OF TZS ABOVE THC 
SOeFAce OFTHGtAETI' 
INC lie MENTAt VFtOCir. 
fcU A TOVVAED tug 

CGNTEe. OF THE tAZTH 
&ND <f> a AT AN fcl-TTTUOE 

OF 40 Ml FOE CMee&V 
gKPeNOiToe-e- of s’ 

TO 100% OF THAT 
USet> IN PeoB. I1IO*) 
_[N_5~ 7g_LNce e ne-Nrs 


*Hu * r P° |NT * * 

■’ vv^vVH)J 

y/ _ GMM 
V *" Ta 

At Point 6 

Tb-^mO*- 

. / CiMwl 


* - \/ _ _ v “ r, » v| 

U=- 4ies - Mt v b- Vr 

re-^feot^o- 4ooo iml flp x 

T^+VA=T‘a^ v a 

i w = 4* <- ng 3 

^6 = (.^A W t4u/+ ZGH V) O') 


Ut o a = ueiocirv at a in Peos.ia.io^ to 
being rt +6 veHicoe to e at i^= 6 o? 

FtoM 13.104 , *,>*=. H. 3 ZMO a -Pt/s 

fe NI?E<iY exPGNOlTO^l?, e.= L 

U') 

SNeEGV gxpENDiToee in this pcobiph 

<t=-x imCAOaY*; WHt-t 6 ic is th-g °/o GNeeov 

loo 

useo (N PGoG li. I0<l. 

•solving Foe.(cv\j a Y*- and fePOciMG E %V 

EQUATION O'! 

(aOaV* * B^\r.c-(*vn cv) 

loo 

FIXATION Foe- On (.SUBSTITUTE (.S'! INTO O')^ 

v K+ywc-w^h 

COSSTWTV 

C IK^ » C'OQS-'X.S^SO'i 

(Puk* 84 .= ^ST.OTXIO 4 * ftVs"*- 

F0DM 13 K*., C^Af^dl.aiXtO 5 ^ I28.I4M0 6 

*%4 

^c&uTmos^ 


1$.C6 continued 


*** 14* VI- ^e.qsxio 4 ’ f+Ys 1 


SlNQpt 

<^ = siN''CrA(p>.> C»*«- /TetOe)] Gfi 

uriiNe of ptoGfeftH 

INPUT COMiTAHTS INTO EQUATION ( 4 T AND 

SOLVE FOE O b FOE VAuOtG OF fc- or S’% 

)0 lOoVo AT (nTC «IVAL^> OF 5% Foe. EACH 
VAloG OF Oft AND USING THEG-lVeN COMifJlNT 
VALUES of (AJ*Vuec /a ANB Tb,US>£ (EQUATION (.s') 
To soujg FOfc cfc 6 . PfciNi t, O b and Qg,. 


VB (FT/S) 

26860. 

27329. 

27791. 

28245. 

28692. 

29132. 

29566. 

29993. 

30414. 

30830. 

31240. 

31644. 

32044. 

32438. 

32828. 

33214. 

33595. 

33971. 

34344. 

34712. 


PHI (DEGREES) 
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F/nM 


14.1 JLiW : 

- 0^5-Atf SUITCASE A TtXStp w/iTN 

'/elOc.ity' Of 3 »'/s —*. 

Mk (2) zo-kg soncftst b rc*sa> W tru 

VELOary of 2 , *1 fa -*■ . 

JML (3) 25-ty CHRSllK INITIALLY 

IBPs Iff / ' r * e * t 

Iff FlrtD: F!Hf)LVELOCiTr OfCftWt**! 
I?-kg sun cost is -t&sseh tiksT 
0>)|F 20-tgSunCfst UlQSStP TiBST 


(A) 1 5 K u f ’J ItC PI s •’•QSSc 0 ON Cftvrig(c pigsT ; 
CoNSER'/ATio/sf Of. //'OM'I’TUM j 
(/5 <SK3 -T'/i) f /J^-iR S ^ 

- pn [ WO=(*o) V, 

L -' v O " O *tf ( r /./2W‘ 

i£- k £ SUiTcAjC TOSSF3> nICxTI 
(20)(2) (40)(I.I25) ^04^0) -^ 

*‘11 _ II ft0X2) + CV<>Yi>M5') 

® 4 ^J^JI = JJI^Lll - *> it 

tr = l ,HI7 <*/&-+ ^ 


(b) 10-k $ ^vliTcosg TOSSES QM CQggl^R F ' ROT* 
CfW£E 71 Cf OF ^ 0 f'n=*i toih •. 

= r <wo ■»>)*; 


jjjLi /*0-/j, madman 

flUp vWMAVDfVE W/W 
— Ib-fl/} VELOtlTY 'A'A Boat 

Find : Final veloott of boot if 

(SX) WOMAN DIVES FIRST, £fc) MON JNVES FIRST 

^ Woman- pi s/es First 

c'oVJERv'flTiory OF Momentum: • 

goo+ iso*)v, IZoO^j Tfi) 

0= c—4 + — 

4, x- CdmP; - (300 i-(0o)iT +- 120(16-^,) - O (I) 
-tootf + mo = O ^ = 3.10 ft/$ 

M*N Dll/gS A/CXT 5 

goo 4 ISO) cr, 3001^1 /R>(I6 -15 ) 


y’ = 0.8889 «*Vs 


/5-k j suitcase Tossed next : 

(15X31 ('I5tV5)uJ 

*r / (/?xo+g?xoi»ft)9j 

E + fg] II — I»)a = 60 tT ’ 


_ ti»I.V7*A-+ M 

<5l\J c-N: 

EmPlovee tosses tm/o .su/roses 
A anj> .5 ON expire unu 
*$-Z.* *fa -*- • 

AfFss /v-ruPfAif A 13 15 k§ 
M*55 OF CARCiER. ;S 25" kj 
IP g) FlM£> Til *:a/0H/|*I6- TAA7 
- 

*» (fi>) ./t'm'P t^fwac 'F e is 

Tossed First 


(a) CO rJkCff Wriprl OF A'iOMEI/7U/M ' 

IS + on = 

/.V(4rg + /?)-- ^ -F A 0 ) 

»- ET ^T.^l * »*2 *•/»■ S 


r.'iTi f .- 1.7 *>«+ 


■7tf - /0.OO 


Eyu^TloW IS STILL l/FLID 
if T -W B r 10.00 kg /IV FQ. (/) : 

/.y(i0t;s) *(/0FH0) V r///tt L 

%.! = tZM *A 


4 _ ^.q»HP: - (3004/fl0^-iF ( r —3S0 1^ + I8u(l6'^ (i) 

-480(3.20)= -m^ +28»0, t r t =<t.20ffc*- 


( Q MA iV DiUES F/Rsr - 

SINIL^I 2 A nALVS IS WELDS TWF POLLoi^i^ 6 CflS..’ 

-(300+120)^’ + IBo(l6-tk l 'J=.o tr 1 - fSOii/s 
'(ias^iZoJiFjr-Soo^VipoOb-^ y'= 3,37-fr/p- 


btvtrt - 

_ fj /e>o-/t MAM 

T-=a /20-/i WOMflM 

Jk W 300-Lb BOAT 

Uf ji/ Mm4 ♦'MD Vi/cMAWDIVt Wl7/J 

- ' -iiLiiIim—MM ibLr/s YElocitx vA^oAT 

, N Opfoinc J3IREC7IPMS 

Find ; final v/aociTy of boat if 

fa.) woNiAn First, (4) mam jivis Ti?ST 


WOMAN 3>lvEj TlPs r 

CONSER'I ATIOM OF MOMENTUM: 

I2 0Q6--U ,) (3004430)^1 

0 * ^-ft 

4.x imw: -/20fl4-«;; +(3oo+/floK =£> 

600 tT, - 13 ZD = 0 Tf, = 3.20 -fF/j 

man Dives nc*t - - 
(3oa+i£R)Ui oooc4 /so ( /t 5 + /6) 

= rr= + — 

i X COMR: AB<i(3.lO) ■= 360 1), p (ffo (l' 

‘+&"T%- -1344, ^--2.60 TT = F,80T^^— ^ 

(8)A L8ndi\/ls first 

Similar ANficvsit yipLDS T^e FolloWia/ 6 f<ys.; 

-t /I* (16+0 (300f |2o;v/ = 0 2 J ‘i r ~‘ h $0 it/* 

420 (- IF. »o) = 3oo I26(ri-H D "" 

«20 tF; * -96 

tfg~- 0,22f ft/* 2/'-0.2?9iys~~ M 
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f (Vh)^' 0.320 n Vi 

i 

• wi(ftliflO ) ln (0,3Z0) - m(0.3$6) ft H 


14.7 


GIVEN'- 


Sullft Fikcu 
7HC0L/QM A /AHJJ 
£c«5Mt5 fMBCfiCEP* 
/N B. 3 u)Ck? HO i/C 
n"r« t4 = 5fy£ 
and t r B *7 ft/* 
FIND? (*) Weight ■w of ^uutr 
(t; velocity of bullet .between a ami>& . 


; IDENTICAL CARS. •O’t, r •.*f20 1 * 1/5 
after a hits fc; s 1,400 m/s 

AFTER b HITS c: (V^ 3 O.ZI0*// 

AFTER A HiTj B aSimni^) » 0,Z3(.2'~ «/ 6 
Fimp : (a)piAAL wflocitiEJ of A lnd c, (t)coEFf: e 


RVATiPN OF MOMfVTO^ .' 


(**-) Bull IT gotj rmtoobH Block a /Nro block £> 

(wtXjSoo) &/p(5) [(±^H^)/%\(9) 

— = ra-*- ra /*»*•* *>4****i* 

—— *—- W'MT = 7^.5" 

W-= 4). 4)>'yO /i> i tlTr 0,fio0 <ji ^ 

(6) BULLET GOES THKOOO fcUjCt A 

(o,QS Aft /iSCo) (V4>(5) (0.05/gjQ- 

■=- = ra + O 7S- 3 o*0-«-»- 

1 - IT- SO 0 jt/s <40 


tJ— SAml/li 


e.xvo + o.vio=(%) F tazjozr o.m7s»/ s 

(a) V A - 0.7' 4 *V« — j lf c r /. H70 m/j -4 

ft) First cou/siont <s = l fe ^' '6 71<P = 0,750 ** 

sfcond collision 1 e =■ - ! ^°p' s - ' 2 - 0 = 0.750 

7H|W» coars.oH. e - = °.750 


gI VFN; CARS AMj) CoMTAiNtR SHOWN. 
ca-rs err couAtej) as thef Hit c*ch other. 
fin D ■ 

VtCot |TT OF CAR ft AFTER EACH COUPLING-- 
A«,SuiMiN6 THAT CONTAINER 

(a) DOFs NOTSUVB OH FLftTatP 

(b) SU DES ATTER FIRST COUPLING 6 oT HITS S"Tof 
BEFORE SEcon£> cou9uW6 

(c) SLIDES after Both couPUNO* 


GNEN- ’ iDErmcm cars. V 0 - Z.oom/s 
AFTER a hits B: (v ft ) = o.Voo«/s 
AFTER B HITS C: ir t = l.280n/s 
AFTER A HITS B AGaiN; * 0.3S& m/s 

FtNP'. (cl) tF b AFTER each COLLISION (t)C 0 EFF e 


Conservation of n\ofa£MTom 


HITS & 


dort s E Rv ATw iN r r h\l f' ch tu m •■ 

(a) container JPOES 1 J 0 T .ft. iD t 

(IOO)TF,_ (ILO) -14 . 


~it5t] - i^r r«*i 

W—^ "»> ” 1 

25^~ 100 ^ - “eo 15 


25^ r ioD^i - I VO T 5 tF-/ i S , 2 Mi/t * , 

Vi =l,800»</h ^ 

Coa/tAiMc* SOOTS AF?t* /^couPu^^SroFSfinWtZ- 
Qt9yb.fi l7Q)Sj^ 

& = IrQ 4 = 

T52-- 70 V ( b 1)0^ <0j~ J.60 fli/l 

(t)0>MTAlrtER rCMitS AHD ST0?S OHiytfTt R 2^CooRLIM& 
< , ii s)(5,ti (7o;tf; T flippy 

153= l^as = 

in =70 v; - no ^ - 3 ,^^//, ^ 

V 2,2‘U7k 


a<M>OFO,S2(7r 0,336 -KVb)^ r 0.38V"l/ < -*“’^ 

(b) First cuti-iiioN; e too ^ 

SECOMP COLLISION: e »■ ^°^ iZD B 

TWi^p coluSioai: e* A- 3&V-Q.3it _ ^ foA 

0,HoO-0,120 ‘ 


CVb') | - i.feooM/j 


- Til (1,000 ) -rn(VBj, 


■f0(0.21101 -m (0,210) -7T)(V«'ip 


(TT c ) F =l,6aO-0.7IO 
(41- A / *70 ">6 

-HI(0rR3fc25) 
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14.10 continued [ ^ compote 
t x «.? = 5 * l = (fc*i + u$ +i.Stf7c)x^j + 

Joi t l'jJ * -1.75± - ^05/ 

WA IH 1H-I 

thw -usi- m^tsk -xwc-uny f*» 

C 'x-3IJi'-t> l *.Bj.+ ‘tti.0k 

’//rt-lCM IS THE ExP«€SJio n~~ oiTfl-iwri Ffli? H »NK«®. If.9. 


14,9 1 

U 


5^reM OF PART,cl£3 W/TH 

-m fl = J K«. in. - m , 

-7* c ~ ^ 

a/vt? v-PiPc/T/ei Cm/*) 
V fii =- l +i + u j- f 6 j< 
V. b -~ 6i +£}■ +*+b 

v c * - 6 a 

v FIND ■ 

MiULAR MOMENTUM 


£/„ = -V ^ + ^ ^ + 2=0 * V** 

t>S(N6- J>£TFpMlNAMT FORM F0R N/cCTUR |7poS>OCTS 


in 


iii 

4-Va $42/.? 
/s -6 s ^ 

+5 

0 24 l-B 

2 -6 -V 


--/ 8 i-i?. 6 ( j+ 14.4i -tlZi-Mj+Wk +6jrlgj-M 
--(31.! kj-"/*)t -(64. 8 +(4fi <%"fife - ' 


14.11 


6IVEN: SYSTEM OF P4^t<cj.es 
worn TW =ikj,W3-4*jj,i« c «5'k8 
Amp veloc'Ties (m/s) 
Vr-^+'/j 4 6 * 

</ r -tF.i 
-5 *“ <• s 

V r 2 i- -6i 

'C ~ 

Tin p ; 

^j) <i,h Aiyj) Fop 7 v/fi (Ji 

_ IS PARAlLEL Td 8 AXIS 

a — o 

(b) CoRRES?oMj>iHS- H 0 > 


Hr V’Vfc + £ fi * ^ -t. * *«, ?T 


It i fcI 

-Mfc.N I.Zrt Cl l>Slf +A OP 1,2 /•? 

T-V# 4«/r A O'/I ^ V 


(i.t>ir lj -‘i.air Jt )! r u±+it£ - ’v*- 
H =C7.2-^8T^)J. 4^-36 1 V.0^)i+r-9.A+3.S ^-Ihfigjr 

(«; fp«? F 0 To be// i a* is: 


^--72-4.3^ =0 


= -36 +V.*' l S- 0 


14.10 G/JcN: 

- ZystEm of particles <tf psus, 14,9 


C<5U? PQS/T/()W /EC.T0P Of MASS CENTER & 
(t>) LINE** MOMENTUM Or 5T5TEM. 

Cc) A*l60LA? MOMetJTU/^ H & or J/iTcM. 

ALSO', V^FPCFy T ^r (4NSIVFK5 TO 'PPoES. m9 
Ah/j- /4./O 5>tv? FV ew AT 10 O 


H„ • *■ x.'M'i)- + H, 
- 0 - — —6 


(ft) EQ.(/4./2)i 

TXtr , . . . 

('5 + H + S^? = 3 (Ui + l5i)+^(^.?_t tl.lj + l.?k)-i 

Sft.Vi +/.di) 

!2t=y,zi +/6,ty f/6 3<t 

£ =(&,AOOrr,)i 4 ( 1 .^ h 9i + (l>5?5m)i ^ 
r6j4 = 2*»{ ^ - jf -H + ^ i 6k)i 4/-6i 1 4 

1 s(li- - VP 5 

L ~(-l(>. Oly*/s)L +(/v.oo 1^ .o/^j 

^ ^ & = V<J * ^ r A n + "C/S * v 

\M4e*E 1 ^ ^ 4 ^ - 4 =/2 * 4 /.b>-(o.ti +l.‘/j + l.xsk) 
- 0.ii - i.fj - 0, OiSt 

- B/& *v! - *i~ 0,32SJr 

?c/s =-c_~^ ~~ 0 >Bi t $ + 0,775 P , 

i iJril i i tl i a is 
H =( 313 ) a 6 « - 1 . 4 m -Q035*1 4 V 3.3 - 02 -avsjv? -0.6 I 0.?7j- 
"0 -If(^ 4 ^, -t e V I 2 -b "V 

=. -2rlL-lOSj-3,ik*7fi +3j4 f.e 
K = -(lb-75 ki »'/i)} *(.U° 

~ (COUTM'JEZ ) 


7^=750 a/S , VT - /, JOO m/5, ^ 

(h) h = H, (f _ (-‘J,fe + 3.6x/,5D()-V.0y.7.50)i< 

H a = ~(k0.7 ^/i)k ^ 


1 ^-12 GlVE 1 ^ .' fAHE SY'STTM OF PA^TICtti 

With 5AM'£. velocity" uatA as in p^oe, m.M 
Find: 

(et)lX K f\rJo 14 F0»? WHICH Hpll f'fiiny.t'- TO y AXIS. 
(^COfiRclpoyspiVG- tj Q . 

5 cF ^ol\JT/ 6 H OF P<oB. 14.11 FoP DEyivATioV 

OF E«. ( 1 ): 

W d r (7.2- f.3 ^)_£. +(-364 4,8^4 (-9.6+3.b^-4,8V^ 

(tf) foP To EX //«£ AXIS ! 

^=7.l-N.6^=0 /V f r-Tb+3.61J-V.e^-O 

2r = /,f£)0 At/s -7,6 4j.6(/ / ?0oJ-V.S>4 - C* 

^ ^-0. B75/r>/i 

-ir = -0J75w/s^ $ = I.5W"/s 

(b)H j -• [- 3A T ¥. 0 X (- S, fi 75 Jjj. 


H - - (40.2 ^ F/s)j <*6 
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14.13 


GIVEN ', SYS tea* of ptmcirs 

With WvziMV'K 

II, SB lb 

And velocities (ft/s) 
jfa- Hi -tJj +2h 
kif3± 

^ 1^= -jj + N-) 12k. 

FIND: PibiGr. MOMrwTi/M H o . 


Hr _V % *+*„ x ^ + *. 


USING J)f TCRMIWAh/T rof(4 ADK VECTOR PROJJufTi i-Uv* 
FACTtKlNS- NASSES ( 

i i r i | i i <r | J J- i A I 

Hrlii 0 fcs £> U~ 1-8 3.H.9 +^s,H o o 

~b 32,1 if. i Z | ^ | A 3 o| 32.zj-/ 4 2) 

- OJ(8i-l8k) + 0,2^ 13,si 1 10^'Sk)Hh, l 1 C~i) 

H r-(0.7/0 fi- lb-i)j 1-(/.440 ft• lbs)k ^ 


14.14 Gik/en i 5V5tcm £>FPn«T/aei ofpnas, hkl3. 


Find : (a) Position vector £ or mass cents? < 5 . 
(t) LlNfAH momentum ofsvstFm. 

£c) f\i\/&UL Prt? MOMENTUM H fl or SYSTFf-i. 

Also: verify thht mvswcrs to Pffoes. 14,13 fl«e 

T5rnr satisfy, e-siuatior 

H.=- 5 H. 

- 0 — ~ —& 


(4,7 £Q (I4.U)•. «i = 

WHEVZ 0,3, rtf - 0.2, ^ - 0, ¥, m - o.s 
0,)J =O,3(‘*.Sj) + 0,Z(l,8i + S.(>j4 4,5tf) + O,h(5.H-0 
i = (2.6V h) L+(2,30 ft)j +(l.O0U)k M 

(b) L-Z^{7 C = 0,3(11+2)+**)* 0,2(*[+i£) + 

CXH(-zL FHj. + 2 k) 

L= (1.200 lhs)i + -( 2.60 fc.*)j + (l.fjoo \b%)k ^ 

- c) & 

WHERE 

- (7.0 + k)^-2,0i+2.2j-k 

Lf/ & -l e l = *8} t3,6j*H,sk-^*2J4Ik)- -L+CJ^ tj,5jr 
^ c /6 * 2f,Hi-(,2.8i *~ 3J j *&) r Zii -2,3) -h~ 

ifeiil i i H |i j b 

t/ r 0.3h^ /.f-/ +0.Z-I /.i iyU0,4k< *7,3 -I 

I * * *' H 3 o| I-* •* * 

- ti,6j-i>hty*. oj(-iesi+i*j -eikpo.y-o, G-3,i^sM 

H'T-COMO ft-Mj +(r,00fl‘tt*)j-(3,M#-lb,s)]r ◄( 

oxpu re £ aim if : 

Z^rtV =txL = (2.8 * •*■*)>< (l.2i+?.8£ +I.H*) 

s 2.6 2,1 ■sO.Hioj - X,72j +?.O0k 

1.2 2,8 IM 

thus : I x *1 £+y' * a v?oj -/.77j + 

(-O.lto) i + -S.b* *■ 

--0,720j + ), if fojf ~ ^ 

U4MCH is the rxf(?esj( 0 r\i obtained for Hn W 
•P?«3. Ik. 13. ro 


14.15 J 

- <foo-lL space uemctz *nn ¥z(l 2 ool&)i 

As IT PASSES THROUGH 0 AT t = 0, IT EY F’LOI El in^O 
A(HSO Ik), B (3001b), C (>50 lb) 

AT t- bs, Positions OF A and b ak? 
AtiBHOfkj-noft,-1820ft-) 

B (6^80 ft, IZOOH, 2 6 Holt) 

FiNl>: Position or c AT that tin\Z 


lAOTipfi orNA s~C(ntEP ’ 

JINCE tHFPE 1% NO E*TcHNfU. Pl>RCC ( 

tc (l?0dH/s) L (Hi) =(40oOft-){ 

EQUATION (Itf.iz) 

'mis 'E-m t- l 

(q om N800u)s (HSCyB-X3680i~860j. - 1120 k}-* 
(lOOM)( 61801 t-Uo'oj + t6f .ok)+ 
0*0%-) 

isot - faoo*N8co- isorssio- 300 -*(■•'fp)i i 

(‘/ToxTbo - 3 oOkizoo)) i + (hso kF/XD- 300x2610) k 
- GM&,000 i + 71,000j -t72,oOok 
* c -(H3lo ft)j t(H$o ft)} r(NBou)y ^ 


14.16 GiUFin : 

- 30-lb PASSES THROUO H 0 «/iT N 

velocity y s. (120 It/s) i \mhen it explodes 
INTO FRnGi'&vTs f\(iz Ibj Aind B(i8 lb) . 

AT t-JJ POSITION OF A IS A (ioott, 28 lt,-Ntft). 
FlNJ?: TOSlTiofJ OF B AT THAT Time 


ASSUME! = -$ -- -32.Z ft/i L 


Motion of mass certes: 

IT b loves Hi /F p-KOJZ CTI LE. HnJ) N OT PXPLoVED 

i-V* 1 -*?** 1 

- (120 ft/sjj'Ssjk' - J (5?.i ft/i'X 3 OJ 

• - (360 ft)i - (IHH.S f(-)J 

tzQUA TIL)N (m, IZ ) : 

^i± = E *v t £ *. 

W* ■ ^ +^6 —B 

IQ (36tll Y~- (3 00 i Hlj-‘iBk)+!l , L h 

1st - (30x3 60 - ltX3O0)l_ + 

B (~30 X 144.f - 12 -t-(\Z*H8) k 

= 1200 l -QG-SSj + F7Gk 
i =(WOlt)i ~(2S0fC)j- i(3Z.0H)k ^ 






14.19 | 


l vE N: 


MOTich >sr n\AS' fFi^TcC G 


f \T collision: V H -fe w"■) ; *.(35.00 m/s)j 

.f _ (tbooonYt - (iZ(wort)i _ (e,b.6i<«/i)i-(50"ii)i 
-A H((,OS) - * 

l^LOClTY or H* JSCFW7TR : 

^500 V *r 3oo0(35.oo f)+ t50c(66,i7i - So j. ) 

V -(IS .556 r»/ s )l - ( 

VEftTKA l Mo no* 

--l/fgrS' ='***' 5 

POS/TltW (?F 6- AT TVMf <?F ^Oi/VX? iM P«7! 

J = ift -(*$.?& i- U.U7j t )(\f,k'*ii 

l =-(JlZ.r5ni)i_ (I) 

p(? 0 At eg, (, 19 , 17 ) : 

+-*<a) F = w hi £*, 4 ‘ w * ? 7 % 1 A C 2 -) 

Aroo(7it.r>‘j - 2 & 6.61 A= 

I000( fooL - lOoj-) 4 £0OO/5<Mf -500j) + 1500 

1.5 5x 7/?.yj-soil -2 X 606)1 i(- 9. 5/760. 100 + 2*500)^ 

^ -(I009m)i~-(96.7 >^ 


14.18 &IYEH : 5ft Mg 05 FOR PROS- | *4. /7. 

PiND : poi n 7* iv'hePc F<?a<Wmbnt h^v/'u sf 
FOUND, K^o^ins that vjREckasc or Plane 
WAS FOUND At A (IZOO I", 00 m) AND FRAGMENT 
K, AT H^'WCX",-200*1). 

SEE SOLUTION OF PRoB. 14. 17 FOP 7 >e?lt/AT/uN OF 
5 rp|Z.55*i)(L -(260.61™)}. 0} 

(W M + Trt A )I - /W H) 4 l*. Ht t Hi+ 4tl rt ^ (Z) 

SufcSTi 7VTIW J>ATA: 

If500(712.SS l -260,61 i) z 

IOoo(9oOL-200^)92000 4 \500(I7ooL fBOj.) 


>•4 =(<f,JX7IZ,F5-400-/,5V)20o)i f 

* S (-9.5*260.619 ZOO- 1,5 xBO)j 

i H - (703*02 - (5*7*0; 


gM/fN -' CAR* 0 (7500*;), F(l300/cj) AND C(I2<*’M|> 

tVE«r TKA'/LLIN& AS Show W'Ht/N CA# « H/Ti C«RJ, 
AT THAT insthat CAR C IS AT * c r /O m, y c - 3 m . 
CAP c P/7‘5 A AyJ> £, ANJ> AU CAPS HiTP{z p ,^ p ). 
F/OfP : (a)i'ne t rto m First collision tostopai R 
(±0 5PEEP OF cap A 
Kh'CM/l/MG- TPrtT *p - 70 y p = /3.9 m 

/wo no a/ of A-mss center 

FINAL Position of Mrti3 CENTER. OFSTSTEN 
)S TPF Same ftS IF THE CAili a AP (V07 
COLLIDED AND HAD KfPT MOV|Nfr W|TM THTIf 
0 ClSiPAL uFlOOTi E*. 

(*V,t*l f -f-i"J* p - *”* ( v a Oi + "s WJj 4 

^6 (Z C - L *2ct ^c t ±) 

\W/e.eE Ckr7?/C«//1 -20A/S, 7r c =50 Km/h. ??»'/< 

^ 000 ^- 1500 vr fi ti + I3o0(tot)j 4 ;ioo(/o_L43j-Z5ti) 
(0.375 ir A -7.5)ti 45o+6,5tj 4 0.7i 
Taos'; x p -(0.375^-7.5)tfS 6,St-fa9 (0 

(a) MAki*6 %o- izm ’ / 3.1~ b.ft+o.l 

t- 2.00 s 

(b) AftKnJo Z.p-/a *1 AND C-2S’- 

l 8 -( 0 ,il$-ir A - 7 . 5)2 +3 ir^VOm/s-lLdfrij/h^ 

14.20 GiVEti: s'AMt A5 Foe 14.19. 

PIMP-' C00ftDlW»1 T PS OF F’OLF f7 kNovW/i7(4 7MA7 
-0^ =129.6 km/h MWX> THAT TIME F*? 0 M FlR57 
COLLISION TO STOP 0 T P 13 tr=.2.As. 

SEE Solution 0 F ‘PROS. 14,/9 roi? t7EW/A7iOX/OF 

% p = (0.3 751^-7,5)* t 3, y p =6.5tf0.5 (l) 

M**IN6 tr fi= 121.6 h;«/t, -= 36 * 1/5 t =2.9 s 

IDl FflS. ( 1 ): 

7L p = (0.175X36 -7,?)(2.9)+3 =17 . W* 

6.5(X.4) + 0.4= /t.JOM 

Z p = IldOm } ^ p = Ib.SOm ^ 
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G t\T£N : 3 BAILS OFStsm HAS) 
BAU A STRIFES 8 i4Vt> C 
which a at at Rrsr. 
.before impact, *J a *t2fty 

fimt IMPACT, V c = S.Zlft/t 
FIND-. 

<a)ir A ,(b)v^ after impact 


CotJSERYATtobJ OF LINEAR NftMeWTUM 


INI X VRZcTiorJt . » 

m (12 ft/tfcoiAr, m£fio*S+™%ji»3tfr‘H6#) c *30 

0.071)8 Vj + 0 .6 Olid - 3, 0* BO ( I ) 

trf * Cf GEc7((W' . 

0.11711 i£-0.7W*/l$j = 5.1*0) (l) 

(a)HULTipLY(l) Br 6,71 Wi (2)Bro. tWJ&j And App: 
O, MM ¥■ Vh r 9. F>f70 <!/„ .- 8. SO ft/s ^ 

(tyM')LTiPlY (!) BY O'WVl'iCVOY-OJtPllt, AnV AM* 

0.6051* v £ r 2,6110 tr cr 3.15H/S 



r49.r 


g/i/EN ; 3 jKLi oFi/icr mass 
BALL A .STRIKES B i*m C 
W/A/CH ARE «T(JfS7, 

BEFORE /NFAO - (2 ft/# 

AF7ES / A| pao, v c -6 . 25 itjs. 
M2 : 


(a.)Vf\,(b)Vg A-FTee IMPACT. 

L O VSEP Yu ~r> )N OF LLVEp c MdmWtjm 
If* x J>/<?E#T7ov. 

7 H ( / 2 /(/jjfAS jOc^VJj . 5,0 7, V'-f ivlv^iI'n H f, 3*+ th (O.ltycoi (*5' 
6.g 0 . 758 /j = 5 . 9 4 <* (0 

Iw^ tiiizcTioiJ: 

<w (12 H/i)£n>3<f-•mVfiCast'f- 9»* s Co*hi,1 V in (’ 3 . 79 >#u 95* 

0.141671^-D.kSH0ir e = I. S5Z2 (z) 

(a) MOLTiPlY(i) BY 0, b5lio,(2)BY 0.73815. Htr>( 

0.85581 iT fi - 5 , o>“3J ^' 6 , 05f^# ^ 


(b) MOLT I MY (l) PrO. 1*1167, (?)$/-0. (1880 
0,S)58l * r £ - 5.6151 ■ v" e =■ 6.81 


0, Ann AOP'. 
Ml-tt/s < 


14.23 


_, Given; 3 g/«j> fly/*& /5m 

COOA/C I OlTH Vg- (10 IT/L)i 15 Hi T 6 V ^"0^3 R?ROW 

ViTrt (60mh)i + (B0"/<jjc. 

FIND : VliJANCt FROM 0 UVr>Ee PtiiNT OF IMPACT to 
p WHtPt BlRj> HITS Trtr StDOKii. 

CONSZROP TIqN ~qf FTqKeiJTomi ' ~ 


^OOO^Io^i T(JoJ)(6oJ + 

V/E/.OC |TF />f f\r/r> f> i. • iiv/ AFTER IMPACT ' 1 

If- (1-5)6 I m/i)j +jb 9&lfei ^ ( 1.3115 m/i) A 
VEfUKfti- MOT>r*J; 


nAKEnj^O-. „ 

Or 15 A T (O.qg)f, I »</i)t ~j( r l>8l n >/S )i 

(CONHHUtD) 



14.23 continued | 

t l - 0.20053 fc - 3. t)y&/ = 0 
£ s Q'lpoTi t Vfo.goojij*-*- E (3-oygi) _ i.asns 
z * 

ffO^IZoMT^L /HQTfQA/ * 

= (AT X t)L + t)k 
- 0?.B5 tl)( I- W ± 4(l> 3 " s X'-55ii)Jr 

2r~ =( IB-11 m)}+ (2.55 m)M 


14 24 I f e ziy&i 

- - _ 8 ZKHfc coutiiote AcVHA 

c C y PIWTICLE A ^OvTJS ^Tlf 

*? -W. r-CVSO^i. 460 ^ _6W ^J 

^V. ' A/UCttl 0 At/D C M<WCt> 

r° WITH V a *(‘t&)nh)£ - 

v , * c f)T=rrP coajsio NS^rwer V 

oj-II _V_S. AiOVi u/rt€«& 

4 "j \^ 0 ^(2^220,1^,^(320,100,2.06) 

B, (107,100,170), Bt faZlO ,/ to) 

(DlMliJSlOHS IW min) Ci(200,Z/l,)3d), ^(200,160, |L5> 

F//VJ: 5PEO) OF EACH FARTICLC AT7t% COLLISloHS, 


ft45S DF OAY<T El# A/WC£lt« = r»»j /VftS or Of TftRTicir^-W 
gEfoRt C QU-ISloNS ". 

CK PrWllCF: ±L ^-YB0iT6QOi-6YOk 
moclzi £ amh c: 2 ^ = 900% 

PiFTTR COLLlSioFi •• 

^ =(°- 6647 . 1 +o -^y + 


r * “ ^ ffr r :33, 7g 7 0 ° ri '' Q ^ ^=(- +o, 8 vij - 0 . iwu 

iF-V C, - C ‘ - * Hizllt vT, (0.13*03 - 0,7183 k) 

-C ccXi Ml c 1 * 

CcNSrf) \(A T 10 F OF Hon Et! tom: 
j'foM'i l* 1 +*’% TTAAT 

-IZO 14 I5t>j- lb0kt%0i>-(0,m7UC.(6b7j-t0.oa-))3 

(-0,1211L +0&97(j - 0 ./Z@) 6 /^lF 4 (O'latsj - 0 . 2785 k ) V c 
EQuAtiHP 7HC COcFnciFwTi OF Tfff i/nl‘7 YtOoT.S'. 

0,16671% - 0.11111% zr-llo CO 

0 . U61 Vfi 60.8171^ + 0 . e l 5 ‘fsir c * IHO (2) 

ft 0831) TT*-0.12816 afc - 0.Z903 V c - - 160 
Multi ply (z) Ey O.iTO) / (5)%r ft c / 5 vr Art tddi 
6,11816 Vjj t 0.I1S28 V e » (78,31 Vt) 

Nultply(i) Br O.lYsie, (*-)8r anil Aw aod\ 

0. 7bd8iT fi r 58.0/ *■ 735. V */f 

V A * 755 V# ^ 

re om (/) : 

£7.1667(755,^)-6.9221*1:-no 1 $ = 573.6 */j 

V B -S7<4 <*/i ^ 

Ft ON (j/ : 

0,181)1 (75 < 6a)- 0. I?8H(S7},6) - 0.ZUlV c :-IL0 


KlS.Hn/s 


If - Kl7'"/{ 
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14.25 


FI6. PIH. 15 anj> 


vT, 

• s 

s 


14.27 PCfffVl UJ - « X *« If 4 H WHTrSt 

-1 —— o ,► ~tr 

H - ZteiX^iVi') (M 

y s * ( i^ ztt) 

AVI) r Total Hass if system , 

§ = PllS/TioN v/ECUll!. OF 3 ; -r= UEUJtlTYOFO. 

/W* ItJC, i t =?^Vj >* E=«/l^7)» ' 

t/ *T(i + t' i )X‘ m i3r£ 
m *xz+un+j*f' ^^}- L 

But J£<pu JTc •hT 
A A7J>, er yw*;: 2Ti; * ‘•V - #6 


TH&EFoPc: _ 


(o.e.d.') 


GNFM : IZ-lb -Smell explodes htx> urn rtnefwv, 
A(sfo, &(*“>} AHP c(3 Ik), WHICH HIT WALL fii ShOWW 
VELOCITY' OF SHELL WAS ^-(Wft/s)l-(30f)ty-0200 
pND .- speed of Each ffahmeh-t 


CoWbF*'/ftTIOiU QF fH OMEN TOM'. 

Wl)f 0 - rv#; <£+fv#;^ f 

H(ttoi-20\-l700]f)= S(-^rJr- if £)"*£ f 

EQUATE COEFFICIFHTS OF ON/IT ✓ECT&tfS! 

©-#<«»£*£ '« 4 w 

© 2 -is -| *J = ' J “ gi 

©-y’S-f'5-if i--l*.ioa ( 

SoLOiHC, fHESEf FyOfiTiui/s rrMtfLTAUBtAW-V: 

c- 1677fV. 7 n* )3B1,6*, 1121,51 

fr D 

“IT - 1670 tFr/j ?<)/$£. t£.- !?30ft/s M 


14.26 FI^WRE. 4TT0P0T?flfrC 

( 51 /EW; /2-/6 5rfn.L .rxPuxf ts at l> /mtj fthy.it 
XOTib), 3(3 Ik), AvD Cf S/fcJ, v/H/O# m r '-/AU *V CHWN. 
VELOCITY- OFSHcLL WHS (TOfYjs)i- (20 fty}-( 1200 ft/>)K 

FIMDI SPctT? OF jfHC0 r«1‘AcNT 


foMSfCV/ATlpM OF /y Q H tr/T-UI ■• 

OV$)? 0 *(Vj)ir a +(3/$)rs + 

/Z M0i-;oj - izooA) - * f" 7§ i " /? -) ^ 4 

FQOATt COEFriCllmS, or UlU7 u rcTOffj: 

«Vft> (0 

1 3 * \ 

0 Vg -3tJ r -J6tf ^ 

0 _ r-IV. VJc> (•* ) 

solVi/yc these Pq oh t torus simultaneously'. 

20*705, iTgzrfB33.il, i£~ 73 7 , 70S 

q* 20*1 H/sl 1^-1833^; t£-73eitfc <4 


w 0 

~Q 

\ 

14.28 DEft i^C 

x *or ~b 

(>*.23) 

(l*.ll) 

viRtcrcy rnoiH 

* £\) -- % 

By USiNO- SUUfiTlOH 

DERIVED I* 

FR08. I*.27 • 


1 4 2 Q i g<v/EN ‘ 

_» -rt A?A«C OXJ* 

» “'*1 f (\HD FVAMC /U’ji'j' //v 

\/ TRHUSLATioM W/K TO OXfth 

LET 

/ A»^> *1 **"i i£ (2) 

/~V * WHf*i If! A/vp nr j»ewoA; 

/ VELOCITIES W/R A^'yV 

Arty Ox#Fh' f?EsPrc7/v'EL y 
5HoW That ,^t 6iveiJ msTp<ri~ 

if, afj, C'hj ly <o//e of tfie muowniY. 

C 6WJIIT/0 /Ji IS Sr\llS FIX'D FT "THAT INZT fVI~l .■ 

(ip) ^ = 0 miiM «esPtcT to 

(fb) A coihcidzs with -'IASS Ccwtc R-C-(if 
^TSTtM of PAK-tilLcS, 

(C^ ^ /s liRECTEt FLOLlOr Mfr,' 


:A> r - H 

—CV O 


Zil, ^ tA/E PO«CF/ 

3 I J TO THE VFcTort! SHoWiV. 

(X2 ^L G it Follows thht 

-/ * JA .-ix2ffZA r 0) 

PKom pror /V.^7-' /•/ =|V wtr + //, 

t — |t| i» g 

PIFTE^EHTinTB: irf tri v> J X TMV" + 

~ £ ' =5;x-mv;4 + H & 

guT nfA'rtiif = 0 and HiLa-^z thus 

H rixZf+ff & (.Z.) 

Substitute fo*. Z^ <‘0 a»» ^oMCV 

|vto (I*//)-' 

~t. / ZF + T& & 

0* 's:C? G . =■ (0. t .D.) ■"tfi 


^,'o/Ti / .>£;_) 


m,v j 

;v 
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— 4 29 continued | & 

let ]£ s 2£+3i£ co.(z) f 
h r = 11;. x ^ ^ + ?;) 
but; ay(i<f./2): T^ii\ a*nV = *» ?£ 
RECALLING fs.CO^c <v?(7e ) 

|j R r -mAffX 04 + Hft 

n+K cfiUrt tid/V Reduces ro H^-=H’ 1 ? 

(<g tf A =t>, ct) Ascsr^ < c ) ^//fc (o.e.-i)) -4 


14.30 6 . '^ ' , . . 

- FRAME AXM? IN TRANSLATION! WfTN 

ffKPEcT To NFWTbNiX/V PRftMf O'Xhi 
IZT = CO 

WRCRC ANJ> IT,; X «B X>E’7>W£D FfiftNC A*$V 

Ar/r> £ET Zi ^4 8r TW5 CP rwr hohZHTS or 

r+* ZXmrfAt- FORCES tf-Boor A- 

SHQvJ T A AT th« RBLATioN 

/s \zm./j> /f; xwd <?vlf/f, cvue cr tubfolwvihg 

COiPp/TlOHS IS Sf\TLSFt ES> • 

£*-) l£ x a /ewromA^ Fnprus. or TtpEArwe, 

CO A Ccx^/ses iv/Tf/ HASSCB^TEP S </r sy<TFN 
CF PAGTIcLCJ. 

( £ ) 9:^ 1 1> z>p'?‘ecTEx> *hoa/<s- f*g- 

2>IFTc12'EU7/»»7E. BQ.Cy 
Hy ?£.’ ^ z %\%<r» L v. 

w Z^ L * m\ v? + Z±\ x *>; a.’ 

gur i}xy?sO rnj> a’. = a. - a^ 

W: ^ = ?(tl* x A) -1 •»- n; x 

BUT, bf (/4. fc); r-^ ( i t ’ - ^it’rr'tnAG 

AND, s'/Pie gt. is ACce lfv n t;on W/r n/euI to u/pa/ 

FRANS, N/Wt, FU (14.5), 

Tl(t}x^^) s Z^X Fi)= ZM rt 

TAEReFoPE' . -* 

H - z^ - 7M AG x a 

"A A ~A 

This eoxhtidn reduces to H =£/m /t 

"" ^ 

(4) a^=0jTr?^r>e /i /« oHifiGn TtfANfunioM 

Vf/R tJtH/TOtJtAN rpfiMt OXHi AVI) f£ ITSELF 

A Vfw/TtWIlAN FRAMf, 

(b) AG“0; A CoiWODtS W/TR £., 

cO /\£*« = 0; a /SJ>IRECrtJ> ALONG AG- 

/l 

(f6?.t.30 -4 


14.31 | ' (S/v/gpy : RtFEOiiOc- 70 F «0 6.»*+,/, 

1 •• • ^5SoN £ THf^T 4 

(1) /5-/fe«j swiTtfist Firstto^zs> «iithv 

(2) ZO-Zrj Suitcass twpm Tosstt* v»nH 1 ^= 2 m/fc -* 
£j) ?5-^ CARRIER INITlALty Hr R'EST 

fiHj): EwrRtfy xosr as 

(a) RRsr 5 u/rcHf.E /+'75 cac^ tp 

CW SECOUJ) 50/TCAiE I4ITS CMfi*aK 


&EFGRC RFsT Jo/TcAsE AP/-7r cAl?<<. ifK 


7^ lC^ fc S)C3ys; , --67. 50 J- 

ril^T fTlFXtn ; DDQAG-Eiil'/y -rroi/ £»F /c,/. ,/-/ ,»/ 

(/5^)(3mA) r (X5- + /5)^ / '75/^ 

T, - j (*n$ -i IMf)(I. nsmji)'-* Zf. 1I3J- 

BH.LOST = J 0 -T t = 67.50 J-25.J/3J- W.iJ ◄ 
CfcJ -Tust BcrciiE Sfcc*/dsQiT<as f Hits : 


^l' T i + 7 (*° k $)(**h) r 25.3 13 J + ROJ 
-6?.3/3J 

5ErooJS> ir^FfiCT: Co//SCPvATioa/ rpP(»MeA/7i7At 


(>5tej + /5AgX/. I25'*/,)+(Zo><-4'XX*>£) =( 6o Hj) ^ 
tp/, V/6 Inji 

\= R(60k#)(i,iiU,7i»/ s y zz 60 .ZO 8 S 

E-RXOST- T;-T,- by.3l3J~60.ZOF J =■ ?. 10 J M 


■\&ro Given : C t>u./s iovs 2>kcki r*_p 

-- JN PRoe.. l<+. 5 . t»/F /R^CA" tm/m 

|ni 11 IIL s/F{.oc<Tir or cflR A WAS ' y *’i\ = hiZO '"/ 5 

after A A/T5 B; (■Ve) / «■ /.SflOoyi 

A'FFCX 0 WITS cl (tr B ) = 0. 2/0 |*A 

Alf.TFi? A AifAiN rf/Ts a,. (4ig) = 0.2341$ nfa 
AFSS IF FfrcF CAR *- /j-qo ^ J 

FWP.' £-/X?R6y LOST fj-FFEU ACL COLLISIONS 

l+Avc TFFEh Plilc F■ 


r^a/M SQLdT/OW 6FFQ1.Z. iv. r w? R*V£ 
"FOLIA*! 1 r!& FiNhL \ZcLOcrricS 1 

- 0/2./37J *7/i, 0,23625 »'/s , 

t£.=- l,<tlOm/» 

INITIAL EO'ElH.y 'i 

\ = JW ^rclO50OkfX I.«0276 V.SvT 
FINAL F r lFROr: 

= x C/5W )^.7/17i-^/ + (0,2J62J/v// + (l,‘f7O»/ 3 ) l 3 

- /67 6.S Z 
Energy lc>st 

= T-T. *276*.$ J-)tfb.!J - 1068 J ◄ 
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14.38 continued K&)A hits b before c 


5olve sample prob /^.v, 4sewK< v 6 

TM*-*r CHR1 /A B <?I v'Eif iCeiOOTy V - 

/Wv’i Ball 6 is at rest. ° 


WE M>TE THAF 

Ufrterf B Witte 
Hn! MM tfeiM r 

ey, =oi 


±» x comp./ fnv 0 „ fn ^v;) A+w ,r H £ 0530 * fu>)/ *{ 

^ ^ CO"'..' (3 - fnV,^ + 1 * - 0 6 sin)tf = • 

FCMHic Both member OF(*0m*P C5) «1P 

iXa 1 - 2 ^0 ’»i Jt> ■» V 

CoNS, OF EFEPC-r Trum I To 


caksy/n 6 wt# ((,) amj) 5 owi«/f rbs i£: - xr caj 30 (; 

CONS. pF MOMENTUM FROM 1 TftJi 
\i^A 1 . 01 ) f ■■ -w r M(Tr*) x -hV\\T B totiO' +->m£ co *> Jo’ 

•M{J Cct'iP.: 0* ♦n(iT ) |^ r«' l 'V *i#3o"-»i1^SMJo* 

.'‘.v’BST 11 u tj. h-pK T^j, F'l,.t> (1) 3oi.'/i Po«(ilJ^j'^ p ('S 

cst) " * 

(tftty * -i£ *^it)*co»3o*f l£ mnio’ <<?) 

5(JofKw6 **» /tOft/Vf; If?S0JTS1&acuity +\ r c ( 1 ° 

rf>'5. flF 1*1 k r-y F>-uM I Tn 2l 1 % 

isufsrmrr fyK <Z pti+f (») a*d(7)into h 0"' 

yf*o.y&o-atu^-fe +i?+ y.-° . w ^ 

CARKV'iT / 

(1%) r 0,?5i;-O.ifJi 30*- - O. /-?F0W 
(t>£ = - r- +■ o, vil s; tt 30'9 - O.ZU5 1 % 

THUS: £ A :0J50-V e T6&Z 0,Mb\T t lX>i tT-o.^V.^io* 


Cb) iMa/imiim HZ.I&HT rcachPP BF J 
CoK/igP y«7ipr< cp jwnsr; 


datum 


Jiievn Turin6- Fo h 

' hi., if'= ' Jjj p 1 ' - ir* + *?, 
r ? »V»'a J 


1 (‘ fii/t*'nr 2 % 

'SAME *oJzyJKK *K Po^ F)»«?T b OF^Plt '+) 


g/v/gW : 

A Hits b mJiIH 
v s = I 5 "ft/s. assume 
CoNS, OF CM-CR.6Y 
FlND'. 

PIAfrWiTuDFS 6 T V^, 
1/ . ArVD V_. 


BALL A HITS WITH 
Balls b and c. wh ich 

ART. AT REST. As&uMt 
CoWSEEVrtDoM OF 

EHFR 6 Y• 


Final v/euicjty of ealh ball, if 
•strikes B ANO c sriML’iTANEooSLF 
HITS K fcJLFCRt. IT BITS c 


CbMS. tf Air*iTHnM ■' 

i,x Os>IP. 7»j COSTS"-- -At Vg S. ni o'+ W 3o* ^ ') 

+ r^j ft^F: IlMoSmlj’a »H IHxT^cnjSf. imT^S ill3cT (.24 

WUUIKT ( I) sr sin-Jo* (■£> 3 FCOS 30 * Subtract, AMJ> 

SOl^E pep tJl i _ 

£ = o, 8 fctoir fl - 0 . 2 JM il^ C3) 

CARRY /a/to (i) AH3-SC L»/F FnR ^ t ,r 

1/ c -t).BI6'S L" - 0.?77J5 Co.^-Fh -o,isen^ 

^-- O.Ttrfl ^o, ?fc5\j ^ l<p) 

CC-NS. OF CRERdT' , 

, V^aHN< 

5LBsriTu7e Fo<? iTg AA/J) F^uai ( 3 ) AIVJ) ^yjs 

t;’= ^4(a8,5Apt^-o.zy ??TTj , '+(-rf ( s-i5F0. 

f+t-kHUW^o ^ a tOJoiiiT 0 
TRW (}) **'M ‘ t ): V&.-O.lSit V ot V^ro.r/zv n 4 
Lf/vW phta; = IS+t/s. THtecrutl; 

v A * 10.kIH/s) +T t * 5.k0#/i' } ir c -- 4,/4 ^ 


CoN SEUVATlohf 
OF MomertuM 


comp; 

0 = Ttl' e SiniO 
- ^\V L SiiTjo 

IF = IT* 


i-Z COAIP 


divide (.t] etCO : 

l\DD CO APD (i): 2^-U. 

n M*('V Va- 

^- 0 , 200 Op—; 1 / -o.feliV' f - 


(COMTlWtQ 
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14.42 I /\ ul€ ! Hi *•***#• 

——-1 e Potfnhai. ehersv' or 

/ /> .SPRlMS rrtfOT. 

I ~r*’ <y>sp cot 

i F' n;d; 

v^ir «£Sw> it. *«** 

_TH_e cofio* CJJT _ 

S£- SOLUTION oF PROB- IM-. V| FORJEfcFA'i.ON OF 
£(i-'. (Z^ *•*£ (V)> MM t h 0 — i2o“, u/E f^ovt 

V^,+ Jij,’ -r 6 ">/* + 6«/s «>' ( 3 ’j 

tT = IT + tf’ =r fi/“/fc + |0"/» y 40* 

"■p 'o — 3 * 

£6.(3'): 

i, X FomP: = # +• £ cej 60 * s O-f 3- II m/s 

*■ 1ft comP: (‘VW) II - 6 s in 6o’*- 5> I1t> */< 

<.=tt.n<"h£i5S M 

t , 

1» X coMP; C^h) A - 6 -lotosto' = B-5 - J |»A 
+ * y comp: * -/O^n Cu'--f’.A£0 *>/e 

IT.- 117m/i ^ 70.<?* <j 


Of MflMCU Ti/M 1 


4 * COM tflt/J as A5* - »' ^ + " ^«Vr ( 

^hcomR.- <- s 1 

^BrtocTCOTRt/»(l'A*»J>"«-^ eY ^ ; . 

0 , 346 o t£ =• + /.¥/'« «£ l£r A707/fJ*+4< 5 By ‘ t t> 

APDOlrt^uU) A"-£> .DiViDE 6N '» 11 , r 

l,}U6'f 0 ? tf A + t.tm' ,r c V c ~ ~ 0.737) t> 

Coi/s. 4F cfi/tR.Gr'; 

f*i *?=5ir>yt*iir£i}ni£ «$**«& 

5UB^Tf7V7F F<?/? <•£ rlrtPl^ Fi{oM(3) A«P (*0 ; 

= 4,‘+(ft7*7 1 17„ t 0, «»0 £/+ (- £).707i^ -f 0, *5?£J 
2 ^-<g"^=o ^=0.5‘‘5 

FTcM(a)AMD(*0: r ( a0,6«i>^ ) 

G/l/5(f DATA! tp= 15 #A- 7rtFREFoRF ; 

*>f0; v*- <t,\<ttfi ; ^ - f. /? */> * 


THREE SPHERES EACHOfWttiflV 
A /VHP 8 ARE CONvJCC-reP 
B/TAc/T ( i Nt/rCMS iBlE. CORD. 
C STTKUCBS B AS <WoWW. 
ASSUME CONS. OF Fk'-KC'/. 
FtN-P.' 

VElOC ITT OF FAq* sPRCRt 
AFTER fA\PACT. 


gl VEIN- V 0 -g>mA. 

TOT'iMiHiL F.NFRC-Y OF 
5fRM&3 J 20 J. 

C0PJ> CUT WHEN 0-30*. 

Finl' • 

AJ^ A'IP AT V A FTEK 

Cord ISC^t. 


FTE (1 pw COM'S IE A'NTS AC/ FlMHL VELOCITIES 


bNS. 6 F 1 IHEAV Mc-M. fKrtnE 


17 ( “ i7J( ^ 40 e 

BZCfWSC coRd Pre IS (U£XT£HS /£ZP 
CflMPDHE»JT OFj7g /\LOtJ(r ?t-3 ’ ^ 

/Most 8e eunal to t7 a 


A X CTIHM/tWTj: 

C - 7I/h1 , J i ~ Tij) J j 

• ir , -£.'»r'=Uir; 

-B «>„ 4 /.S' H 


"t v 

Cons, of ehercv u/ A frame Gz'j'/: , 

W>J=jrCi.s)v; t +Hi.s)c±* 5v?fW B =fdo (i) 

yu^sr/ToTc For c-i FROm (0 inttc CZ>• 

JV;/r VFO ir;'.- 36 17^6 «'/A d 

F«bN(i)i V B -J (6 »>/»') jrJ C/0.-/A 

»/TV CtSPcCF TO f/xfp FRANI 

IT » Y;titf = 6 «y.-» + C 33 

A A n 

IT, = F/f!. = BmU -*• +/0«'A ((w 

for fl--3o‘-' ei*(iY- 

comp.' (I*) - B ~6 c»iio = %Mt <*U 
H coM : H' A )^ r ( si., so r 3 

^ t'i- V, // »/< ^ 6 - f* 

'A 

t,X Conp./ig); - 8Ar 10 c.sitr - /6.460"yi 
V ccaip: (Ty a = — /o s " 1 3<T = - 5 m./* 

iT r 17,31 »/i ^16. T <1 


y =■ ci) 


CPM6-0FM0MEN/T0M Foe STSTfM 


'W‘iT = -m-srt J-wsF A-ntir 
3 4 * "0 c ft B * 

(4Sr +^ coMP - . r . , 

' wV., 0 = 2 '-nu^s(«vfco-wV^siAjJ 
%. 5C corn'p: 

-tvv^ - -m-a c + cost«s30 

D SoftsTItvifi Wfr Fpp ^B/n FCoMC 2 )• v 

(IV7^) ‘",-vj-VV/} (S7 

*f=2o;+rfh*irl M 
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14.44 


b±U(— i 

i 


Q^Er±: 

TH A£E SPHERES, fflC H OfN \55 m. 
A htJD & -KE CONNECTED e>" 

* /NB)CrmJsiSL€ CMU) Wf HCH IS 

slack, c strikes g jw»W 
tV/rw perfectly elasticwpact. 
find: 

(<t) VELOOTY of FAc« SPWTffE 

AFTER coKv becomes taut. 

Cfe) FRACTION OF INITIAL) C.t. 
Lost WlfEof CORD BECOMES TAUT. 


14.45 Gniei± 

- 360-kg SOce i/ehicie wiTd ^(HSorifc. 

AS IT PrtJSES THRov/feM 0, S^PlDSIVE cn«R,fts sEPiworen 
'"TO j p^nrj:A(eok t ) J BCizoRq), Ann c(/eoK$}. 
$14C(\MY iWTeR' TH E POSITIONS OF TH* 3 P** 1 * FR£ 
A(72« / 72»i / 6f8'*0 J Bf/£0*n,396^,97?^ CH''ty,-2e8«,576»i). 
vELO<-tTr of 3 is +<330+(6*0■’✓*)><• 

X-COUP of VELOCrty OF C IS &c) --lZO m /* 

Fin D• velocity of ft- 


^ ^ ft 

O* O =/ O'*" irn/cW+my, 

”"-0 ’"iTc 'tr+VjrT/,, ^ 

C0NS.OF EiVERG-V ^FggF^CTL'f ELASTIC wPnttY 

(z> 

ScioA«C(0‘ + +-8-,'^ Vo*' 

fuBTO ACT (i)i J-t^ar^O 

^=0 CoROFSPoYDS TO INITIAL CON&iTiOl/S AND SHOULD 

Be BUM livings). THE? EFoRE </-0 

from (i ): v;*-^ ~ c 


Co lib AS becomes taut 
*i>*7"Y b a R 3BCIWS* cx>r 3> IS 

r ' -(r) T&£. INZXTBNS.lAdc, CWPONZHT 

{ - / ihV op ^ ftLc>HO AA Mujr 

) ~ J ~* /A eteouALTo 

^-T ^/' w ^ Cons, of mwemtum ; 

♦f^COHP; 0- 5'infco*- 310 30* 

ify,- lUFifr Ci) 

i>lcoMp: in%r J'W'v^cosfcif + onVjB^ O6 3o° 

3>H/ipirMfr gy TH /Srvo 5U&STnuTlNG- Fo« f=*OM (3)- 

- lVt(0,s)T(?f3 ^Y'lsA) 

4r 0 a qifr -V A = 0.2ft? 1% 15 - 0 , 25015^60 ^ 

CAfipy//^ INTO ay V =rZJ)(o,1SO<Z)= O&Mft 

8 (#5 

»we** tj 

- 60 . 2 J ‘0 t^Cai^o* 1 O.WO^c^jo-)^ +- 

( 0 . iso v£ 5 i ”6o*- 0 . 8fc4 ->.30*) ^ 


OOfc&C.WmiOM OF Hiv60L R r HOlHcNTOM about o 


3l(^ce VEHICli? PASSES THK.C06* 0 , l-l 0 sO, Of 
H 0 - *„ *-”\r» + i- e y + t i x'« c i4to 
OlSfrtS DETFiPMlWA^r FORM.* 

£ii I ± l f - J £ 

H -= 60 72 72 6+6 +120 IBO 311112 +180-IHM-W Pi ~0 
(-*U%Wd, iso none -«o (i^Wi 

F$UPT|(4& 70TEBQ T(*E CO £FF. OFi, j,£, ArtS B/VI0I»45 By^O S 

0 . imho 3 -eb»(v c \ - 1 ns(irjj = o 

@£¥8(i r o) i -7/(^) i 1-FV,Ox/0 1 -2073<x/o 3 f 0 

® r * A^jT 72 W* f0 " <f> z ^1 / c)y-/03-61)'''O > =0 

OR, AFTE«? REDUCTIONS \ 

(V*\-‘t(W 3 -lt(^c) i -ZHf'Tjj = / 6?0 CO 

Tf£^)x+« r^;, = //30 (z; 

(^)a - fry - S(^c) } = »*F#0 (3) 

fewsev VHT(ON <7F UNl + K M.oWtHTuM 


1 * i n ~ no e A m«, jr 9 ♦ t« c v t 
360(HSV *)= 60l(Vfi} A i_+(Vt) } 2+ (-^) 4 Fj+I2y rITD_i. ^ 5 ioj ++. 

100 r- IZO i+(V c ) 3 \ i (1#* fa} 

F&’Oatihc. rwe cosrr.oF rps um '/pl~oIX jmi^>/l3Y 60: 
(T) + 300 -360 =0 (tr*^ = tfdi% (U) 

g (i T ^ + tio +3(y c )^0 ft r^-6io-s(U23 i (5) 

^)l +1320 +3(^-7 70) Ctr^- 1580-SWi (fe) 

S\je*7iT0ri"6 r«0'H(*\(r)(6)iN7D (X) a»j> C3^; 

- iSfiotJfP'c),i9('60)i 6 fit ) 4 = ^l30 fO* c 7 »J30«/4 
- 4 60 -3 C»*fy -60 - 6 f r/yvo (y c )j*-2to»ji 

5UQST>T W T<rJ6 Fo»? 3V» /V7U (0)»Nj> ((,)' 


^ - 0.8V>C t i-Odl‘c5£ 

i\ s 0 ,■■'.'/ a •)< 5 h* /3,?o' 1 ! 4-<3.<7onF 0 '5:/3.9‘^| 

(i) FMfl I0>V OF K.t. LOST 


T 0 = L*i -l^* 


rf|¥ft L 4 ^ - -W 

r j *1 (0.1SOlT o y + 1(0^0 £-*<( 0 ) 

- j™(0.075) < 

»r.E lost- 


/lr.8.L0S T *7-W< 4 " l "• b, 

tnenou OF AT.LOST 


CK>)j - -660-3(-ZHo) = 60»/< 

/3B0 -if 3 ?o) - 3*?0 "Is 

A. Zq+ll IN (r FRon (h)7hat <ff+) x m 60 r/s, H»v>r 
( 60.0 I*li)i + (to.0 m/s)£ + (510 njfyK ^ 

^l+PCK 

Since -buXi) u "' c wot oseo tw oor 3ou»tiow, 

M/F C«U 0S3 IT To Ct+FCK*T«€ ANS'NTK. 

Suhst‘Tut> W5- TH~r vAmes o8T*wet fop 
^4 ) /~T0 THE LETT" 

HiMvp MEMBER OF CS.(l),wE 0B7A/H 
2 <? 0 - <3^0) - /7C330)-7Vf-/v«; * 

310-S-ito - IA 601 >~76o =• Ib’SO o.k 







14.46 

- /n Scatterimo- ExfTR.iiAt«v of peat.i't'Zh 

IJ II AMOWM THAT P*K.T'Ct A 15 PRO-TECTFC r*.o*A 

i\ 0 (16o,-Ii>,ivo) Avp aiLLipes «* T « c at eftoo/eu, n*tft 
FWD : 

coordinates OF B a *H?Rt pathoF 8 /A/rcRSECTS ;yunwt 


COVS. OF MN6-ULAR. faomEivtuM /'Boot CA. 


5/NC £ FAiw* ®F A +F7E-R CoaiS'OMi a*i> <>f C 8 cr««c a«o> 
m-TEf? tOUtSloA PMS TH-iOObH 01 TAT Cctt C^ToWSi H6 
P<UQ, McMTMTA ARC EERo ( Fl&. P I‘♦•1*4. CoNS. OF AfifcULAP 
MoMC^TVJA* OF ALL PPRTiCi.ES A&oT W '$ ExPRESSB-p AX 

WHTRt QR 0 =* _* «(^b-30£t3Mk)-(jl00U W^ + WOk) 

® 6oi -loo£ a 2oo (t 
0\r</O.)l+(^ +CC»2^F 

&&,= '"^=(107L+26$iI70fr)-(*C0J : + IWj+IWJs> 

- -<J3 1 + 2 oj +3oJc 

«4 0 = -PffOl f feoo^ - 6 VO_k / V = P,9oJ 
frwD, from solution OF ?RoB. lh,2^L 

^-"^6 2 e “ 57J.L (-0, ¥22“/ i FO,«?7/j-O.I28)fcP) 
r -ZlZ.li + 5 l<<.*j -71.57 £ 
fu%s+l Turing IwTO ( I) ANJJ o±\H(* 1)C 7£t?(^ tW AIVTS.' 



ws gM a ai g jB as 


! «„tr >-n *4v; 

' 'n = * , A ir A-'*’* , v* , 

- *« (tyC**) •(*$**+ 

s 4 0' 

Ay* Coys, or+»/6. *«>*<. AB0U7G-' 

A ?* t? *a« a it^ 

«».y5|X» 0« * &*)(*/$) *V 

tomwBrj /HfuMneetr: _^ +r ^ - f2S (z ) 

frV>D (l) (2): 7Vp~J05 ■+ 1500 ft/c 

rut* (t ): 5 v; 4 /s-; =5-2 ,5 v; - + ?, *> fr/t 

l£«r(f.»#ttj)£ i 3^’ = (/5.00 ft/s)i ◄ 


14.48 6|vew; 

- 5-lbSPHTKl. A MDl-iySPH&lE 

£. , B CoMVCcTrj- BY(?l6/£> Roj> 

Rtsr OW hORIU>H7PlL / TRlCTlOV(X.‘t 

ii><Zn\ci ivhcn B /s tf/v/fM 

VKOC/TY V s.00.9Hjf)i' 

1 ,. £IMJ» 

“ <£)/. WfppMOM. M/p MS, AIW.H . 

^rrc/ewo'ieoMTioN 5 ' 


> ^ k kit 


i } Jr 

6o -ZOO ZOO 4 tn A* A^J 02 

-wa fioo -fciol o veo o 

= TV' 

-13 20 JO 

-7m j-/<a -vas/ 


£g>ow T (M6 Tw-e coemctE4t5 or£ AMDfci 
0 i( 8 ooo 1 -^ 0 fl? - 5<f.Jf « M 

0 1 (- 6OOOO1 + 40O4XJ-P30CK fix:-59. 35<"0 

>w/ 7 

r ZOO-59. ^ Zj r | V-I.fc mix 

Z S 6 r 2q +52 r / W Htl Z Bfl -- /71,P ** <1$ 


14.47 X, 
s 


^ Given: 

s- It SPHERE A AVD 2-/5 5PHER£ 

B COWtfEtTED RoP 

REST 0 fJ J+0-RI20I4TA1., VRrcTituVtrSS 
WHEN A (S S'VFw 
vPwc/Tr V p s-(io.9ft/s)i . 
£»NP; 

(A) ulMEAR MOM, A«<i> AVfe.AcM. Hg 

Af.p V A47ER ieo*K:(Wiort. 


FbSlTioM OF #1^55 CtNTtP /\6-t-BG - 7in. 


*6(Sb) = 36(2b) 26*1,5*6.3, pASs- 7, 4ffs2in 

- , 38-fin 

fe») XlN£fig 4»J> AA/g.MoM€«^rUH 

irr.y-r _ (J0,5fi/s>t ■=((>,f>52l/ks)j 

J 32,: ^ ~ L~(0,6fl (b,s)i M 

H^GB** i, V = -(^)j.xfa<r5Z2. 

- + (j.2^/ irr.lb-?)*. 

H & -+(O.TTlft-lh)k ◄ 

('t')VTLOOnEj orA,F»;ji 5 rtPrfR /eo'POTATloW 


^ XK tF> CbA/S. Op Ll WEA P MOMcMTOPt 

O * <^r * ^ ^ ^ 

tsT = , _? W/ft5>^;v;+c^)v p 

I At/ 1 5V'„-HV' 1 ?2I CO 


fofiTloN QfHAS S CENTcR A64e>6 r 7l''- 

AG CSMk}= bS(ll^ 5&= 2.5A&, 3.sAS=7, «S=2;n. 

(a) t.|NgAg AMD A 06-/VpMCMFl/M 

I- ^ 04 /4 ^ 

° 32 ' L4iio tL-s)i ◄ 

H = GA > H^V =(7ih.)j>< (U3 oh Jb--i)i 

r— ft.2 660 Jo- It'i jk 

= —(O, i717V 

-(0.112 ft-t»$k ^ 

(COHTIMOED') 


Jg\ = , J WSXtofr&S)** Hty** 

*» I sv't+zv' t T 2 i co 

\ d t&Cir coNs.eFM^McfUtou^s 

Cfl»-X^)(IO.s)s(/ln.X9jf)^ ~ (S«,Xty)*J 

MULTI R.y &Tg AALO Jii/'PE z: 

fv;-rtr' & =52,5 & 

Subtract f2)P(?o^ CO•• , 

7D-' 9 --JI,5 if^z-If.SOH/s 

FQoH(0: 5Vfl+z (-*.50)^2 t ^ «■+ £.00 -ft/j 


^-( 6.00 - C^oWi)i 









14.49 and 14.50 

y W TWl£ «>Ew7(tAL 5PHf«B 

‘ \ CCUVNKTfP 1b RlfJfr p A7 

\ T^-C|«i HASS CENTER 

Vv JUDE PW f+0ftl'EW7A\_ / 
vW ]»Ric7ioNuEis surface- 
c (e’rj ecoj®') 

/i V; ^-o - - •= <ir Ww-ew 

iso- - e / A 8 o 

/ y< COR'D CP bream. 

r\‘L---&n ) find aftf* o&ys 

A W \7 T 180 --» AJ> W'*X™T 

1 V—^ .(Ja^SPFEP Of RikJ&P 

/ (t,) Relate* sretp *t 

vtfM/cri 4 A*a> g Refare 
ABOUT 

v * Cc) PCR.CCv/7 EWESfcr OF 

O^lfclNNL 5Vs>fE^ LrtTllfrtBI ADAfiPfiJ) afCC*e T*ut. 

PRO*. IV. 43 ■ ASS owe d-30 # - 
FRoe», m.sd : A ssu M£ e= +5' 


we ctwsic-t 7>fE rouotntJb rwo post<o^ of 

7WC JPHTZTS A A*/B 3 Af^D TAt RM/6 _D. 

P0ilT/0*J 1 : //1A£B|*my AnTiP C0*D CD BREAKS 
LINEAR MOMeWrBM- 

g / L CC£©)i O' 

A**VU* IMoMeWTOM ASqUT gr! 

A V T>w /9 h H,s 


14.51 



( 2 ) 


Fbi>iTloH z: A*T?k '-OkDS AD *WJ> B D BCCOHC TAUT 
(Vt/ 5PPFP Of Art SS CfF/fff^VfltV L0CA 7rjj M D), 
zercAU^vg ('/j; - 

1 =f;?wf)<^ rfr cex.^J- ^'=(?rdose)i 
tfpC V = O&CaS d flj 
(6) fFdAT/'/r 5pefD v’at wh-ich a a//d.b Rotate 

A 80 v/T_P Vjrt-v’ . .,. 

JAC-\ A-fffr. Ho^ co/7i^H figoof 6- ; 

L Sq- 3) A&^LurJd- (Z)' 

vV_r Sin’ 1 '© 

h^\mO' V^-%S,'^6 (U) 

<£)£*/ERfay lost: 

COtJSloefi.1^6- SYSTEM Of ? -SPHERES: 

wcnptur', V c :(e/e)v^ -Qcds6)% , TtfWerroPC 

'& - j'* / mv t t (i+2tos x ei) 

T J= j( 2 w )V + 2 ( 1 */]+^^ 

=■-*) c.os l & +'*’ c<o , -63 

— -Ttt ( 3 CoS V 0 + i \ tr\ M A ) ^ ^ 

is) 


PRO& IH.43 : /wA4ciii/£j e = 30'/V CoiS.O’-C^ 4 ^^ 

(a.) 0 . 8 fc 6 ir 0 . (b) o.^50A7 0 . (c) 7.5o 7o ^ 

ppoe.. iA.so ; Maki^e HZ' in Fas. 

(TTo7fTO 0 .(t) o.5ooar 0 . (c) n.507u ◄ 


GNeh:. IK'D jmall ioeoj7iCHC sfiwenpi a aiv® b, 
CoiwtcTEP Bf a ioisp su oe wfl Hortizqfi/rHLfftKTion- 
LBfS 5"o/RFACt, /0/iTiAtJ.y Twer ROTATC IF/rrt 5r 8ro^> 
^ B0i/7 aivd S (-^Ai ^Eloc / ry t r * ir o L . 

AFT(?R Co#D BRtrtKS ( SPrttfitS Mw/r a"los/< 5-PnT-Ht 
m/iTH k^=Z } k B = l, Ar/p c( - . 

Fus/p< 

fa-) s Peeps <ir 0 , iT rt , A-vj> (b) length lc of o>rd 


CO^SeB-^ATIOM <?r LI WEB 


iffiXEMw: 4 a =(^' w )^' L-Z^v n i 
fine* ?n* k: . . . * 

f — <*- 

~ry± A - °‘% ra>s i^k 

-»•* (-.4^ 

^ETnkjfr L =L 0 a/vp e%iUfiT/M& cofff. ijr on/iFvefiBO-’ 

(Dili’'' 10 „ ^ 

SofihCTi^i- (Z) FRofi(i'); ^ l J ( r 2<l o f3) 

SkBstHufiiv& rpa ar A iNTo (z;: tf e = ^( lv ^ t 5) = 4 ' l/5 ^ 
Lo^SFfiVPTJON OFAft/tfoH.AK Mooa gyr uM 

BfFoPr break:: fW^- fwt* *)f 

hfreii e«eAK.- H s *H < --r(V6W=<n4'fvJ?i l r)^?5''«) ^ 
-^-’tr 0 a a 

SfTTlW 6 H & r^ # •• Z 5 -W^ = /6 « c -tf r 6 . VO C (4 

C OA/SEkVPi TUKy OF EhlzKSV t 

BEPOCB break < T-^.(27H)^V ^(Zw^ca/^W ( 1 ^+c fe 1 ) 

Zf7r/r/6- &=8rod/ s Aiy® •'!•(%/6(s).* T„ =• «Cw.fi cVA 4 c’) 
Arrert eftci^.’ T -f ,, i^ A l + i- -w 'Vg’ ' 

‘RecfrLLlNi (l), (V),Avp (s) 1 

/OEV.At-ync* 

SETTINC, t=T; lObH,tkC tl ~‘tOAbC ,r tit& 

\OViC~i^ C'--C,P£Zi C--0JSD* 

1 ^= ^ 0 .<F 0 O/n/i 

f#>0M(3): IT,,-^^(O.'f)- 1.781 m/s 
n tM^): <r B r f )•*/,>? fe/r/j 

4</SK/£g£ ; 

fa) V fl - 0 .^00 F’/s *, 7f/j = 7 , 78 ? */,; =2.26 »/< ^ 

(l>) UH&n or coev =Xc= 500m i 
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BALL ft HITS P/HL & 
WITH y- 0 '(l 2 A/ 4 > 1 THE^ 
C, T|4EH 5/ PC or YAH it 
AT a’ ('wh , *i?e a- 6*>VO 
wni4 tf »-(S7 '6ff0i 
r.iNP: 

(a) VUociTiti org/tNiC 

ft»)P<SWiVcf c ^HBee 

BAIL C t+nj SiDC 


£A /EjS.'Tujo ^MALi iQEHTtCflL 5PH-p«E« A AM> B 
Cl»JWCC-rei> 8vfl cortp OF LEH&TH 2c - 600*** 
jLibeor/ * rtoeiz-o^r* l, friction lrs suRfflct. 


tt/niXLLY 7"W€Y R. 0 T*TC k/iTH £ =r /? nod/* ft-POOT 

G, AHD G HOV& M l<TH ir o =^i ■ ffW C0*YD 

SR-PAKS,, 5PH-EREL Ml^f AL>4 £ pWTtfS = * 

A«/D (r B - 0,8. 


►j(30\i0^ 0 

50(12") = 


jpcrrrxs tt a> and Ug } (t) z>/4Tav<£ 

IY>iJ^fgVfA TioW OFLlHEn*. HoHt>lrOM 
dEKUt BREAK'. 

AFre* eRTA>c : 

r_ 4 _,| -% - 


S‘«%-fh 

/ 

iCTTiwc £=i ahd E®o«ru« coerr ofun<t vectors' 


iuBiTiTure t- 0 * iTj /a/td(i): 

-&**+&*** 2V » 

CO ffiEgVATniH OT f\NGu\.HR ^QMEMTUM 
JWE ?ef#K.YHi) 0 - J7nc*0 =Z'm('0,3m) l mr«4j 
AFTER Break: 


(5EE pSURf of PRoe. w,^35 


-I fftvtn: BALL p| BITS B w iTr/ y r (|5-R/5)^ 
T#PN c; 3 all c HITS SlPE AT C. = V0J<!, 

■plis/p; (4) A>iJ> Vp ,-0>7 jnstmcc _ 

qwsEg>flrT<oN or utJEAi mcm-mei/m 

wn^ir-'m^+V (%) t L + *1 ( 1 %^ £ +™i£j 

(0 KMT. = *i <?!&+•* or A» = /5- 9,6 = $4 0 

*«&-<& ^ 

COfVsERVATiOrt PFAiOgiWR MqHEK/TVM AgtWT 

+D ( 3 Din.)ir # r- AVJ) + (72.bio.XVp) 4 p 17 C 

5ue.STiTuT/Mfr S-IV'EN PflTA ft W p oSIin/Ct P«-(2> 

30<ifW0-- + 

(a-ns)%- /o,8* (3) 

rorfeERiJATioM OF Ertey-SV * 


f.F7=0Rt WW{ 

sr •»rMY 0 i Y w(0.3k(2/ = +/Z, 

Hpttr 8 eeftr;:T=-^-jni^, , ' + iw V 

RecHude-(3) 7 f5 * ,t 5 

^ftt/n ^ 7= t 0 : 72S"t£ r tr 0 V ;2,% - i. «m> *>, 

WftM fl).- i) fl ^ ^Vm) * Mbi mjt. 

FHdhCI): -Vr B (^(l.W) = H-&0*/* 

ft-OH (s): <L-~ . T.oe - A75D/H 

wvt) 

MiWBRSl 

&) v 0 ~ l.HHO 10/ii -?,77 /n/ 4 ; iT & .- 4-, 6/ <))/< 

(t) 2>IGTAI0 CE ^ - 750m«i 


Iw <-- z w ir^+i <n [(Tp^ftiraX,* ] t r ni ’t 

VrJlVirJC BY'rn, MUIT 1 P 1 V//OG- SY 2 t MtSOiStirUT)lJ^ 1 

Of)'c lives'.4o?+t? 

Tl^ t = SI, 8 4 1^-- 7.Z 0 ff/j JX = 7,20 if/j 4 

(i) ^o (i): 
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14.55 





THREE SIUAU fDENT/OU 5Pve«FS Co<OweCTFD 0v 
Z0O-<f>vn-LDM& S TR/M&.S To RliJ& & i'tlUC 6)rj A 
RORiZOWTrtL, F^ICTIOML^SS 5 URFA 1 C* . 

//V/TirtLL/, RoT47€ ABOUT & WITH 0,t3™A 

RFlATivC VzLOCiry p,nt> R/wc (HOVP5 With <r~(o,hr/})l. 
SUDDENLY KlMU ene*ns Atop SPHERES MP^E TtfCTl? 
MS ?t+ 00 j*j u/\TH et =3Hkir\tr\ . 

Fir/p'. 

(a) velocity of men 5 ph* hz, (t>) Distance d , 


Cpt/SEBVftTlQM nF /_MEfiK /Iomi-is/TuM 


BEpoflf BF^AKi L^(3 7n )T/ — (0,4 

4i*TrR 0REAC: --WitTg j +T4V i 

£ * t e 1 -v^L +*)=• * (/,Z 
rKECfFteP: , ft) 

■V c = t,ZOO */i ^ i,200 m/ s -*■ (l) 

COfl/ZCRyATlori OF ftt/QULAR HUHfi/Tl/M 
BEFo<?e 3-m (0,i m )(0.8mjO 

- 0. h&o -*> 

4F7BR break; c ^ V 

J t 10 i»1<?,3ViA| 0-f~*- + TUV/* 

i,l_ _ I 1 - *o = H>),: 

FRoh(i): o® «7,3^0W 1 Ijj i'HiAT c al -OpdOW 

wV .I RPCAUJUGfz): 

* 0.$4fal^+ I. 2 SM = VdA 

<L=OMb-0,28Mi% (3) 


7Rfl.CC 5«Au iV€*niCt\L SPHERES cuwsc7Tj> BT 
STRiRG* (JF^EkIGTH £ ro RiVG- G SLiVI on/ A 
FoRiZoNTAl, FBicTIOnCE*,*) SURFact- 
IMlTiAUv, 5 PACR€.< Rotate * Pout <5 *r/> 

/'Ifv'Fi * iSAOvJU, SosotHLr fi.lH(r etEAhrS A fl£ 

SPHFtlf AoUE 7=«c£xy PLAvF. iVe KNWiTWr 

3 T P = (l.° 3 W')j, y c -(i.etX)fli/s)i, 

(Z = h!6 tn«r\ , (L= 2^0 AII» ’ 

Emzj 

(fc.)VEC. V *>f RiHG, (£) LENGTH £ or st^ii/Os 
(c.) Rate irf rad /s ht which s^etw itfc«r Ror/iMfr- 

Coi/SCfl y/ft 710 R Rt*EiU7uM 

(3 -J17) ir - '*♦1 t Tn jF t IP 4T 

J -m V 0 i -= (t,03?*/i)j ~oitt b 2 +*" ( 1.800 i»A)J 

Equating coett. of unit vectors', 

© JV b =* I.SoO m/s (CL) iT = 0 ,60041/j - *• 

© 0- ItOS'liV/i V * /i051w/f (0 


CoNS>rR\JAT<Or/ OF FRefiSV 

Before brfa-k: 


T t e id*)* 1 * 3 (i-mt/*) 

*lpi(‘tr 0 t -tiF 1 ) =Z [(0,‘tf+(O,8f']-n}-/ l 1COm 


4ft 6« Bfl'ewc; ] 

T=7! ! ?<J6SriTUTlR6 FbR V. F«iiM fY) 


fc 4 • 

T= 7^ ! ?«J6sriruTiR& FbRoT, PRoRfO Vfroih(2): 
l[U/f ^ l 4 (/,KOO)‘]= /.ZOO 8 C 

V-0.400 t£=i^ zQMlBl <n/< 

62 ) /FUX-iTies : 

<! -0,643 m/i f j -0.04 J 41/5 ij 1.200 m/s-*- ^ 

ft) P«TA*CS <*.' 

mM O); <<-o.tfoo- o.xtbhs/o.meti - o.%vqim* 

dp200 rr\n ^ 


Cons,E ft,/njion/ ofaa/^ular imuhcrtpM 
BLFIRE BRcAKt +J (M 0 ) 0 « 

AF7« break-- 

# IHVl* ^ v c 0 . ,. 

, L0-4<fcw O-r*- 7^^ + c, v/i; 

^ A o I O.^oin. FTHT^o.zva) 


0 - p " —5 =• -w (i.oiixo.itii) 

&Q +4M (|.000)('£).J40) 

TflVflJ = 7n( 0. bbV Zlf) 

0*o\ =H o‘ =™(Ote‘f2Z 1 ') t l 6~0,28b07 ($ 

CoNSTRVfillON 0 FZNERC’y 
tblrT>«E tarAf. 

T o‘ 3 (i *V J %3«l>£+i* (Ibj 

-^n('0,600)*4|^t£*o 1 ' 

BReflic; 

Tz-^an +- + 4 '’ui oTt 

= ^ i" [(1.021)*+ (l.0W) l + (1.800)*^ 2 *1 (f. 3M) 
r»7‘ ; £ w (S',iff) = | (O.toe) V| +*4. 1 9* 

1*^= I. V 347 _ ft,) 

’Div'/D/R&Cj) BY (z)'. Lki*l = 4/,<?476 

. ( . 7 

( 6 ) Ffion(z): l s ^2m/i 1-0 ,zroii» 

4.9476 . ‘ - 

IzDOfA"! ^ 

(c"> AA7r ofr.o7atioV- a - 5^00 raJ/* ^ 
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r CwJA] 


G/Vtn: 

K fWftiNE Pfio?US rur-f 

SjPP*^C7S^i^ PUM f*R03f£T3 IBOTu 

or pjk .1 m 

k /'*J.'-f V^E L 0Ll1Y i>F 

HtfEf* VOft/» V4* 70C*K. 

n*r ! 

^P*' (a) F/)Pc? exP'-ff 0 

gp *»/5l*)! 0WC«* 

(b) LOTtim roRC £ 
gxfsrcD bv track- 

«~E ALL (/rLOtlTlfS 'A//R plOK/LfU AW* 
|MPUL.SE-FIOMEMTUA| PfilVClPlC TO T«r 
THe SiJOW |T ctiA/TfllrlS, 7 h S W**/ 

IN TH~ T)i*t |/VTfl?iAH AT . 

-(WAt)i| (P**)\S ,3 

=1 


GNKtf: 

l/EL.OF STREAM - 25 r»t/j A = 300 rtlti/i* 

FthJO ' - FORCE CACFTEE) gy STREAM otJ MA|lEsox. 

(*M)i£ P£,t COM’’-' 

—►!! + HW— = 0 (Aw;t$ - PAt.-0 

Pa =(fAtf e K=<?A V 

P = (7000 /y /«i 3 X 3oo x i o’ 4 m *J (2. ^'"/«) 

P=/87.5 N -43 

IVOTg; FoRcc Pjh-o*)« oa/ 5«.rrcH is force applied 
FA it-flox lw irecAM, FaRCf fxrf?Tf p ey sm**" 

Ot) M/HLSOX /» /ff 7, J N -> 


" 13 H TREE Lillies ME FCO 

is ,NT ° • 5wp? pd?r , ' t 

»• uSB CUTE OF S/ls/5 *W-D 
]« CWIPS 4RF SPE^F-P 
«_*/ ffi with t£r zo */s- 

pJLpggJ F/a/P: rtogiZ.coMt; of 

FORCE ZfXERTET> OM 
_ gtlTCH fiTDo 

c<* (I4.J»)• 

(Art;y + E f At = (a*)f c 

r/-- &2T tf = (SIl|A)(Z0«"4 


?~(?290lb)l -M 
iM-ft “■-■»- 

— V, u 


i, Z F j o ; T^-(ioon)w>s is'*-© 
/,= 'JO.fcM — 

W HITCH: F=<]0.bH«— < 


GN&\: 

V/ATER PISCtfARcEP AT W»Tf 
OF ^OOO^oy^i'n (With /el. w 
/50 tt/3. 

FizvP: TwRosroF FM&i»/e 

TO FEFP &OAT STATIONARY* 


IMPULSE*Momentum principle: 
txu«e: (6«*)vs«* 9 • ds*lt.7 v -(k'’ , '.V J 

(pCi A t) v t in9 =• Q t A t)IT-(PQ , At) AT 

Q. Si o ® — Oi - Q| 

+t ^ CoA P. : -(Arti) VCOS E -/ P At •= 0 

p ^ <C CoLb PrOj^'U'CoSd 
At ' 

Co) FROM (i) : Q = io 

Sine 


~ too 

(b? PROM f 3); P- (I k-g/L^iooL>1;n) (J 


p= m Mt 

FpECe E/eiiTcD P,y STREAM OM PLrt |*E 
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14.62 


&t\lt=N. ' 14.64 7 HfiT BlAtte AfeaPSAuptc Pnoe.A.7 

IT = 0-30 - : - a m rut SHOP? (IP»|/ HKC o*C*WlT. 

Tt-Tm rosce jtfoJ twat fttiooA^T Fo«cr F cxT«T d sv rfFm^pe 
ErEKTfP 5 V MP=PM ^ THE STtCTfil IS APPLIED AT fsiDPomn/T C of flRf A-b. 

:_► 2 'j* Pi. HTt X 5iOON V. --- 

FIND; Q M /J, Q ^PflPPLy /MPuLSB-A/oMcwruH PRiACtf’t.r 70 THt 

OF ^'ULTIMO. 1 Ponriorv nf jrWM M/ COVTWtr */!T» THe SLAtlC ^r>d> 

5 TC CAMS- fV7CR///A /A/ CM/7/KT /(V tNytritv*'- Ut 

— — --—-_ 0 c a o „ /^ w ^-» 


STREAMS- 


WE * ore that «?=-« t + a 2 CO T ft- R . 1>\ 

IVL SOUOTIOH OF l ; F.Ot, M,6/ rw DeeN ^ lloN OF * j 1 Jr + &Js° - • V 

as.iAO = Q t -CJ, U') P^QtfCos* (.3) l^<FAt 

FCON(j): <3 =■ —--=_ ,??° N _= KVJ*t/s A A \- A 

^ ®_?«WB'C]V0(Mi)»W ^ RECALL THAT «*-«,=* 

At p/m 6 CO 4p/jnf 3 a/r+*i* »)- z ©a t5 nomcmw about of if(H^ *"•"? - * 

_ i*,Lh , ,\ T/Ft*7 Al)M.»F P AiOoT 0 *05£-MrOFAC1 

®l s Q = \±lfl± (866,03 MnfaO r M.n L/n,i, T|WM6H 0 . * 

FRoM O'): -U z = B«. 03-6*9,57 r Zlb.fl L/mi» ^ZCoMP.'- C F £>>««><-(A w)« ««S ■£) 

CJ,*^ 17 L/.nin ;0,^650 iA"« ® v -* TCot)s.-v,oU<;fi-*)u(i-cosi 

_ _ * ^ C i4 . a i h/ « /« — f A *a\ it rlh H 


we RECALL THAT « rt -Lt 0 =^ 

+ 5 Moments about o> •R(a-»ii)'U.4/'toH.DFF = RC/Sm)« 

Titos-* aom.*f r n&ovi o =05 Lwr of fction«f r Pa^ 


14.63 


,- 650 l/«in 4 fl e*-* T tot) Sty, o( - u (l-cos fl> 

___ +t t 5<:«Kl > -' >0 4f (£>fc) <os » - (Awl) St* t> I 

Givetvit jD<4<!>e (»■) ftf (i - ): . t , v 

WATER P/SCH«cGej> fa., - l ~ Coie - - ' 1,1 * - fo- * °< 

AT rats <2-1.2n/*'* ' s "" tt 

with ^^b-ZJ/V 5 thus: lime of action of F b/ssccts <aoS, 


£itjp: 

SOOram COMPoiJeWTS (?P 
REOCTio/VS AT c HMt> J). 
(NE&V'iCT WF.\GHT 
OF '/AMEJ. 


\yFAPRtr THe IMPULSE- MD^etiTuTT fTk/cTpIp' ttT 
TrtF BLPOC ; WrtTL-i! 1/Vci VTAn W'Tn the r'.ALF ( Anp 
FEK £Tf:uv/M> TAF 6LADF |M /MTTi»VaL |^t. 

I——» 4 b p— 3TT —i ~3^ 7J . 


4 ^ MOMewn A Bo JT X) ‘ 


57f(O'<*0^ CDS < 0 *- 3 7-~(&m)Vniin to'-37$ Cbt = 7S'W'"')<4 

iTFC =^a(7S'«/syf7ytos6o--3T>-5/.i60’- 75) 

C- -l.fSf ^ 

# 4 r 

(looo/^ni’X- ?0 *8A 

TH-Uj; C~-7.‘i8 i *(2o)--l^,Ae/^ 

-x~o, Cy = MJ V4 
i» X COUP. I ■OIqCbs 6o*f T> x Ot = (4«) 

' It ^ 5 ^*X 1 ■ CoS W V = #/>x /- /r«s^) 

^ comp.; (ii^'ia) 4'ififco't Cot +ofc = 0 

P}~- ,^( 4 5 (- |yf,7 a/; 

= -(«> <5/s/2S"oy } )5.W6d*+ /V*?.7/V 

=-^33,0W + /v^.7H =-383.3N 

V z28i Hi 

-* 


F IS APPMLp AT NfOPoiN7 C OF AAC Aft. 

~_ COiX.tr) 


14.65 _L 3 u_ (rIVS H- . 

--- Sta STREAM of n/A7rR MUTA 

&- I508«)/T>io 

I bjl v '’ = f B - bO HA 

-P.EHCTIOW AT p f/c«lLD>Ar"L- 

J_ "!" COMPoAtl/R Op REACTIOVO 

f ' ' I- A7 C AWX) p 

(FJeCRFCT WEIC.MT OFVRlOC.') 

WE APPly THC IMPu>LSt-»|i - ‘ltHn/A pRIWClFlt iu T*c OAMr^ THt 
ucatitp in contact wiTh/t^ T|) f adS£ ad* or WrtrfceB«rrTfn<f 
A *,0 l E.M 1 A 0 tmt tea | N rue iiUTK,>al O f :. n/f tuoit 

™*I “ ■ ?® “-• 


»)v, ^ 
-+ 


W 


■5W«n.ttbout-C: - (A*A)aT„(1 5 in.) + P ^t(6iA.) •= v . 

, sFg cos noT^in)+(A^)^ ^nW0/6,S in) 

Pbbk’io)=(p.tiiV!^')nt(60ftl$(ll,Mbin.) J! -76. V7 lb 

t,l CoASP,: C^tFPOtr(A*I^CoSW)' 

^ r (/3.6F77 lLJ)(kOft/i)aJS fO*-76.77/6 - - 467 /. 

+1 COMP; +CjOt S#Alo" 

^ - ( 0 .6477 |l?](60 FF/s^C-s m 4 0* + /) - 63,& <* 

C A = MbJ lb +- } Cj=£3,0lt>1 ^ 

Vtt-7f.su >-*7 q s <> ◄< 
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14.66 



3 tn 

i- 61 " -|» 



rap 


1% 



G i v'SN- 

5 Tf?'r«H Of wnneR. *)'TH 
200 

AND iTjr^r |OOft/5 
FfH J3 • 



t=OKCE-COUPLE JP'iTEM 

12m fl 

;.TV 

|| V 4 

APPUCD 70 YMnE f\T H- 

J_ K 

V 

(iVEG<-”CT WE'P'^T OF 'Jf-orD 

dS. 


WE fiiVPrf Trl£ IMPVLSB'PM ’tic >/' i i- p Ci”! T Ti *^E 
y*~ •, r nf wa fer< m/c<«4’/>' iv/fc i * A«tTi»e haw &th 
»F via vt» Srif/vh j - - ■-•:•: A/ifK-1 «t Ey^rc N IK 6t. 

w zi£~. %&(%!•)&«'(«*»*» 

+■ /f - //Cl ,;i * 

aw-4*jL / a . / / 

1 







14.67 


4 * CUR : ^6t.(Mv c < .*» Wc <**«* AiXlOO ft//)** «fl* 

A x - It A A sJf. 5 /!>-*• ^ 

Lf £ cohT. : (&«*>)<J B + r( 6 ' m )n^ co* vo' 

fys(*.tf3t)(too4/*)(«iMo’-0 --10.1 lb. hyZ0.2lb\^ 

a-3 MOMENTS AfOUT rtl 

(W)V B (3 m.} + --^)^nmT(h' in-hC**') t/ t cos ho (0 i'V 

A-\„ = (0. 8 fc?6 /4 j/flXia)HA)[-(l5‘ir>^5i" l lO+(9 in^caJ*?- J in.^ 

r _l/?6.3 /b-Jn, A7 ft = Hlblb-i'C) ^ 

STRFAP| AF u/AIT*. IFIFN 
CROSS'S ? 1 fit* rt s BOl )*"' 1 

RH-D l/^r V B =JOi"/S. 
COMO'^fP N«&5 OF 
pl*rF HUP V*NE* 

<5 5 *$■ 

EMCL : 

130mm 250mm F?/rACT/oNS B7 C nNp C. 

1 /7 p“appLyTa tput®, c-m uMewru m i’ri w c i p l e tTH^la te , v a ne s 
p/rtTre io/coN7act wNTrt rt*rf /i'5A«!S am if •JflUt 
,T N -fWiV« AVD LFlWtNG SYSTFM IN IA/TtV\/RL I3f. 

4 - ,'f= i ' »■»>.> s 

/50—“ T ^_ 2 f 0 B 100 

W&fc 

44|a^QOt=^ftl7&t rflOPO m)(iO*)t)M*.(lt M/>)&A 

i,z comp.* (6*1)0* t J> x At = (&*") *4^ D^s-QaoatftO-ZO ) = 0 

Lj NoM. ABCNTT>:(A»l)«5('5oo7EC6t<Wo;-*VOF(r^l>7=(AA/^(IOOj 

‘K>tC - (IZ ty/i)(lO"/i)(\0O-iOd)i (f*T.6(rf(2SO)*-W3S 

c ■=■ - 81 . }4N N Crgf. 3K^ ^ 

Co^P^-ai^OK -7x181 1 V»)p( - o 

= t (38.37 



PFCM.UM6 Tnat d, =0 - 


T>= I38.<*ti\ 


14.68 1 


0.545 m 


j 



j 35©' 



1 

4 



225 m- 


(ViV£N * COAL pis<-harg-u> fro* first to stcomp 
corUUEVoR PtLT AT RATE OF IZO fcg/s W it It 
tf,= 3 AMP * 0 J» li.25 Ni/i. MA5S OPyFCOVD 

BfiT Ai<>C"&LY CoAl ir^tiPFoRTS 15 kllkg. 
Find : component^ op reactions af cavpjj. 


AlfttS 0 F CO A L E«JTmtH& AND LP4VIM6 5v>* TC« lU ATS 

£i1H - (IZO k^/i^Ca. f ( I ) 

■0,-3 •'h VE-LDciry' ^ W n» nh-ih co»i 

- 1 -—=^*- RlTS 3 ?CL>N» fltLTi 

f<R>* -- -*T = 

^ IV, f v A )> =• fash * UCaW-W) 

(&\-3.27»Js4 & 

WtT f\P PLt TMt (AlPPLJt-410MtN JUN\ PUlNClPlE TO THE 
.CFcLWD liFtT ASVFMjJL-Jl TRt foAL It Si.PAUTrj^ A//» T«« 
/-MC'-CO' ar^o»L I*-' r irVA* |T rV iMTEkNNL &tl 

*«* r> + ^ _ 5%* 



<7.7 Jo 




Z.t« 

i 


J>Ak 
A - Z^,07* 


HE note TlTAT Can e - frifin 

ttOH,f*6ou7 c • 

W'**$'(* 

D(J «i) a fo7^ kjXl.8\"/>‘Xl.b -’>) 

4 flzo < y /j)i;(3‘"/<x<-z«J+-(^ z7 '"/j)(<5 .^*)j 

~(IZ0kl/i)(‘UV n $ |^T* *1 ’H)Cos X8.07*— (3 <«)si>1 Z8.07‘Xl 
3(3*)- 033Y.< N-A+72k.J0 V.rfi-ito.UBV.n, -6700/1/* 
D = 11uOti \=°> ZyzZlOOt) t ^ 

_)„R ctPifi; (A* 1 X'^i) 1 4 ‘ Co* 17 

C, <«0 *$/i)(WAh)c«< 78.07'- (170ty/})(3 "A) 

+1 ^ cohp; -(.a*Xv^ t-CjAtt-iJot-W -('C4i)t^s-«tf 

C=-?4 00 V+ (' < 777Ej^^"v4’>taP^f3.?7+ USiin:9.oi)«J> 

9 -Xi&t.7n c -i-ibo ^‘1 ◄ 

V 


A/07E • 



C l gn 


WPev gfLj u at ffsn 

J(3'>".)- \M(i,8a) *0 

i D-f^Zx^f'Xl^) “ b 

D *2770 V 3> aZ/JOA/) 

C - knxi.ei-Z773 C* '8fl a/ T 
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14.69 S'^’ 

- Plane cruises at ‘fookm/n. 

Scoon ah? fit T *Are of- To/kg/j amd 

■P/SCfMtfiiCS /T A7 6 iOW/i Rx*JtT">£ TO PLflRE, 
FNXi \ TOTAL X>RA6 .Due TO A-/T? T«?IC7IO»/* 


w? A*nr rt).(Hf. 3 i): z: F = is (V - <r 4 ) 

WlTA RESPECT TO Pla vr. ^ 

LtAHE.- 2T/~ I>=7?>rAL BRA 4-, 

'‘j - 660 m /l , ?CO km/b, -foo jj^~- 2:50 "ik 

Eg, (m.if): 23 - (10)&/f )(660 m/i -250 m/s) 
_ J~36.9A/V ^ 


14.70 $">£*■ 

- PtAME IN LEVEL EL'6ur A7 570rtii/h. 

3>RA6- j>oe ~o air reicTioWr- 7500 U* 

EXH-AOJT l/f t. =T l&OOHr/s FELATii/E To P^Nff 

Fir^D- Rare in li/s at which ai? passes th$y pnt/ne 

U/r firPPLY c’U. (Ill, 35 ): TF- dlH (v - IT) 

1/lTtt RtSPEcT TO PLANE. ~ ^ 

WE ftANf -zr-2)^A<J ^ 7500 ;b 

A> b = /©OO ff^ IT ^ 5-70*;//, _ 6 J6 ft/> 

£U O^): 7500/i - ^ (Idoo fty-836 ft/s) 

da =(JJ 06 tb£)( 52.2 ft/y) a 7 , 7 1 /i/s M 


- -— G!\JFN; 


ENGINE SCOOPS IN NK 

flT A AT RATeOT ZOO Ik/s 
T f| AND VHC*mc,ZS it»T3 
_L AT 2000 ft/g Pl^wE 
FINX?*. 

- THR.UST OF E (JGlNt 

<ww nUPulMf SPEED 15 (d) 300mi/K, (t>) bOOvn\ft\ . 

VI/E APPLY IMP.-MOM. PR.1N ClPLT OSlNlWEUX. ?^AkT~ 


14.72 . 20* (»p/£M .’ 

- IN Ke'/ C K5E THU-r-T, 

M 270km ^ enginf Scoo?( fliR fir 

M JL. MTF OF l20Ha/» AMD 

j>/j C rtA R ' t f IT AS J//UWR 
WITH VELPCiTyoF 600i*/s 
% RELA7II/E TO ENS/NE. 

% Fll^f .' ftfi/OBf THfiiur 

WWW POfitfesrttJ) 15 1706m/H. 


\MS APPiy iMPoi.5t-fiOi‘iNT in pptvei'ti w/R PiaiuE 

(^~^rt iT* it- j a*-/* 

« , (T ****$•« 

(F is opposi-i-e To etveese tup<j*t orE^«i'/s^ 
r c«mP : + Fpe = ZfjC&l’lJ'C^siB 2 o”3 

Fr = (I20kg/i)(7s* 600 Sin ZO’)n/» 

33.6 khf ^ 


14.73 


(FisopPtiiTe to wopvjLSiv/e forcV) 

60MP; + FAt = (O'rr i)ajl b 

f7^B- t4 A) = ^^> j ^»«0ft4 --O') 

-*5 ©om.asoot &; (aft) f(f oc)a = o 

(rf) Vr- 300 nt\lh= HlOit/s 
E<t>0): F- ('/ooo -hvo) = 9/Af 16 
ZI, C 2 ): Fd - if. (itiMo) = 32 , 75 s Jk.it 
Du/iDe(23 BT (') s d - 3.3B-ft- 

n^ER- - 41.^0 lb, 3,3b ft 8IL0A/ & 

(6) v -.- 600 wr/h - 58o ff/j 

C*-0): F r-lfi? (2000*080) * ^,456 /b 

e®(2): F4- |5^7f2)f88o3 = 6J-, SlO/b it- 

J)IVis>z (Z) iv (/) ; 4 = 4. v3 f/- 

flVSwTR: 6f60(b f t BELOW £ 


: Floor fan deli^i-rs ai? with spetc oFSm/s, 
it n sup pm rep iy * joo-him. siRMEreR oactAH* »H.<e 

AH® (7s TOTAL WF/iSmT is 60 N. 

Find : mux. height 4 if fan ip not to tip o*eF 
(use f = (.21 (y/«i 5 FOR I*|R AMk A-SSOMF V a = 0-1 

THfti/ST : 7" 

fftoM C8.(l«+.JS)r F r = <?® ( V ~ 0 ') *? 

F~(l- 2 I k$/*\')£( 0 ,H 00 m) t ( 6 m/ s ) , '= 5 . 47 * 1 - N 


FoecE rxrtTEPFN :. / bp 
f _ NK STnepn is cuohl amd 

F-5,*f7<f fi oPfOMT* TO THFl/JT. 

I tM&J TAM IS *9007To 
TIP OVER., MLR HAL FtAct N 
|S APPLIED AT J>. 

f? 2"%'0: 

da 1.0^6 m ^ 
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£;v/en: 

Ife-Mg Plane. pAftiicrrtiMi 
V: 7 7V k*'A *'TH «- <ST 
|T 5C.OOP3 AlP HT RA7T Of 
BooKgA Atvi> PiScwaaged it 
A f 665 Ni Relative tt>-piAit 

F/NP> (a) f/VITfAL ACCELCRATifiy IF PtL»T CHASSIS TO 
HOECONT/lL FLIGHT WITH SHilE EM&lwe /ETTAS’ 

(fc) MAX. »+0 « ‘ Z 0 1M T A »_ SPC*-P that Wl l L 0B ATT/S,».TM>. 
(ASSlim? THAT OUfHr IS PRtiftiLTlOIVAL. To ir‘) 


14.75 


GW*', 

A-/(?LlUe(f CR-HSE 5 AT 600 mi/h mrn EACH OF i rs THREE 
EN 6 lKtf OlSCHARiS-i*J£, AIK 'T JOOOiS/S RELATIVE To PLUME. 
f/NJV. 

5PfED OF PLAR/F ArrfE IT H«5 LOST THf OSE or 

(a) one cmcuhe, (b)TWo E.vy&ifAfS 

MSSVMeTHAT DRAfi, <<, PROPOflToMAL TO IT*.) 


H/e osf e - ® (im. 37) to r>ET?RMiNe r^r tuthlt* tcisr 
OF THE FM6llVES‘- 

Fr WHfRf U 6 =- 2000 ft/l 

,f. V V=r 9PCC0 OF PLAof 

7 »(/ 3 : ^-^^ 000 -v) 

THf OIIA4 /S 

fQoPtTlHG TFKUSTaMP DRftfr: Q?(lOU>“ V/= Q) 

H/lTH TffFFE FMg-n-C? _ iT.-^OO Wi/A r #<*> ff/s 
SvI507ITuTiM& mV Ei*. (iy 

(42) frootf' &0O) = -ft (ffflO)' 

0l) iV(7H t*oo FMC-iwci: 

~(J^jTTj^[TT(Iii.N3ft)-- fms * 

gi/fiST/TL?,** 1/; E0.OV V 

4So,<?s 4 -ft p 

«*-+ VfcQ.7 S V -<721.3 X III 3 - 0 
■Vf- -1to.<i5+VCvLo.‘|5l 1 F'l(FTiTA7i^ _ 7rt 1t 

IF r fflb v>i/b 

(b) vL!TtL4tL£JZMl!* : 

SUBSTIT uTiKlt lIV EO.(lV- 
230. V8* (2000-V)= ^ht*- 
tiV>10.i8 V - y10*g-Q 

^_ - 210. 123 o.V|>)N H-Q4 lQ.tr xio^ r- jT73.H I -f0 

l r ~3 c i\ m, l^ <H 


Since MRPlAMC /s ACCflER AT Fc //V HvCiZt-VTAL. FLIOWJ 
wf osf a PrrrKrrvc-F frame /vr rest «hth respect 
to th? Ar/Mo5PTr*f wmeh uti^fr Fti-(l^- 3 ‘}'yr b 
Dere*M'We the thrust f (cf, tth/tout^ paoc 86o)- 
f«4e(ir e -VrtV 

V*FEt V A =0, ^p.UHr ' ir PlA-E //oo0 *\ 

-USm/i- } V> «/jT *3 TO <"/t 
F.r(3OOAgA)(AS0 "A ~o) " HS.Oktf 
ftigPiArve qiMg'vG (<V0 a-cc elite atiom) 

_J ^ . rr-i'W-o 

\ ijKO RaJ-£> - W f' n W"»u 

7Ss£am v J>= iSRO^-^fe/H^tWAJJ)<•■»»* 

= 1^.0 ^-^8. ttkri* 86.50 k.rf 
fr) AT Svity CF H-otiZo^TH'_ ELI 6 MT 
•JtHOlV A -r/C PRAO A<?rST, u i THE JA'HE 

XF =• wa F- D = -rn a } 

(itt.O- B6.s)xi0 5 fJjr(l6yl0 bg)* 

<2= 3.03 m/>* 

(fe) AT MAX, SPEEP I A/ HQgiSon/TAL FijgHT 
VVE HAve <2 - 0 

r„-p^=o (I) 

VVr,C ^‘ ^C JCt - 1 C)=&O0^)^65Ajj t .^) (7) 

OA/ 7Tfe OT/FEi?. I+AAIO 

I?*, T ft <C (30 

BO T, IIL/ITIA l-LV ; w/E TfAi? D-tA.S'Oli^ 

ani -t>> 77v ,fm/A * ^fm/i THc«tPoer 

D - •# TJ* - r 

S6.50XI0 4 N/ = -# (2/SVn/O (*f) 

■DIV/I0/W& (3)»iT!)(it) A/rMBfR 8y iM?M>3C R '• 

».-uiox: t* 

S-0 5ST, tutiiv^ fo« f=„ r^oAi (2 )a«/5 fo? 1^. from (;■) 
imto(0: 

£D0(66b-iA.)- =0 

ifco.ji-^ - iob. 6/ xi^=0 

-tr = -IA0.iZ^06O.$Z)^A(l06.6lK,^ 

= (2S"6. OS’HT/« ) = ■ 111.76 U/h 

<T :r^22 km/h 


= /yi.PS" w/r 


K/f OfeF fd (/V,3fJ TO Z>eTFGiV/iUe r^c TH.: j5Tf: 
fr <£2 ('i7 6 -^)=-^Q( v '-o)= f FitT* 

f _ 0.016 lb/41? $(30 4t)VeoAl/i/s 10,6 73 A 
' • OZ.lft/t- A'- j 

The UrT PROTCPED S» THE BLADE lj ffcO AL H (V L> 
rl-POfTE, TTAT is 10,67011, t. lA/e «/* Itff 
+1ZC=« ; iO.AltlL-vJ-JSOO lb = 0 

\M= 71781b VV-7/eo/b 


6/Net-J : 

AWX, DowHv/AlU) AlP 
5PEED PftODOCfO B v 
HElicoPtcR 15 8CFVs. 
iVflfrAT OF HEliCoPTCI? 
PHD cfevi/ IS 3500 1 b, 

B^LEj 1 

nftX.LOAS THAT 
HFUC0P7CR CAM LiTT 
U/rtILE /-toVFRlMF, 

(ASSUME '(= 0 . 07618 / 4 ? 

RJP AIR.) 
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14.77 



glUEf-W 

WIND Tl;«e,iive-&tK)£r.P,T0R'5 
output-power Rivt,!^ is 5kyy 
FOP iOki'/V '*<»NP5 Peep. 

FikP for THAT VINP SPEED 

(a) k’lWfuc energy of air 

PARTICLES CNTFEIN 6 C |RCLE 
PEP SECOND. 

(fc) EFnc'Ency of ws 
Bl^Cft6V-CONVrR5toU SfSTEH. 
(ASSUME. £ r- I.ZI tj/Vh' FoR MR.) 


14.80 gyv/E^- ‘ 

- pie 0 pea.£1? OP SMAa Ruv^e has 6-*fb- 

IMNE7£^ 3C.|Psr«FRN P* 0 Put r s floo-lt *nr<usr 

w/v+rv Pt/lNT /s wr RTsT ON GRound. 

£!^2j (a) SPecr or r«e A/R /rv rue rupsrPr^w, 

( / 6) l/OlUMt or Alt PA«6iMfi. TRsPEurE Pf«3£t£NA 

Ct-JKiNeno e»v/r«6r nmpa«7yj> ti>thp mu pre sec>«j» 
£*SVHt ^ = 0.076 *>/ft7 P=*>« AlR.) 


(20 KujtT't QjfkOY Ptv SFC('iv!& 

- i (Vi V»*)f f7.»«5r(ggi^) , « i?.n7kj/ s 

(b) £gjL <cFcv w ’ _ 


14.78 



f^JWr°- ni *4 


giv/EM: 

W/iNC? turbine sewfRftioe 
PRBDw/cei 20 AlW OFEleafC 
i Power with eFf'ow/tv 

OF <9. 35 AS AV en/rfi.6T - 

730m COVUe#J,cN srsTffM 

F<Nt >: 

Ca) Kinetic ewtor op 0'* 
particles fnteruvs ciRcl e 
P ee second 

— Lb) WiMjs si’ero 

(frySUMC f = 1 .ZI kj/yfpot AlP.) 


CiytTKOY ITK SCCpm-U 

, IN Put fW5A ^ O^LPowfP = 78W- 80k# <4 

ernciEwcT o,33 ^ 

(6) wiw 5Peep . » 

K.r. PERSEtOH - £^’ ci1rt - ^ f(«v)t>=fPF U 

T/*C»rFbi2r; 5o/tJ/s-i(/,2/ ^/‘•'^(T.^oijV 3 
V J =??f3./ tr<r l*».AII 17 *■ 57.? A>/* 


14.79 g(VEN/ ; 

PLA«c cRuisiivo jiv tevfL Fu6Hr/>T6X>m,/» 
5C00PS IN AlK HT RHTE OF 200 /Ml AAD WSCHA PFfS IT HI 
ZZOOft/s RELlTTlUE TO PCANf. 

P'^Pt (<t)rtVc* usee ro prjopei plane, 

cb) total. engine Powt* (c^tFna^y 0 F pzjWc 


(fl) P«om eo,(H,3?); 

thrust - r-- <te(ir-v \) WUME ifc - 7200 P/‘. 

6 /, /‘ 1^,600^.-600^ 
7= = 5,118.8 lb 

mofuLsiuE’ njwEie, Fv ■=• (p^iasioysBOfyO 

= 7,z/ WXlo'fHl/} = 1 3j uohf, <^| 
ft) RWfk £osr //v fxrtAuryr i- = j. m^zzoo-awf 
= 5 *IKx /o* //-./Vs - 83fl & P 

7brAL Asu/e«- l3,\ZOhp+<t,8J8hp- 22,‘fbohp <4^ 

c e)EFFICKHOr - & M h f =• 0,5-71 ^ 


li^bobp 


V OF /*!* 


Apply ra-CiA. ji), assum/ev& AiRrrvrEPs SLirsrer^ 

with zero velocity; 

7W«u si - F ~^ lt - fav-^ (^v)v , Air 
eo° ly.ogumt's (ettfv 1 - 
toon, =(o.e> 6673 <*/t>-s , /ft') tr* a*«= ii.ftfSt’A' 

v=M.n<i ft/, *r= lor.s-ftA m 

(b) \l 0 LUHt OF AiQ PEd. S^oJP 

Q--b\T = l(6nf(l0i.>tUt/>) &=3)00fiyt ◄ 

("0 ) kiNET/C co/£a6y ii^iPoRrep ro Air Py R 5CKoo/£ 

=i(8oo it.)(t<X,Yt ft/s) = 43 ,800 ft-Vi 4 


14.81 



<g H/Bvl : PEaON-WHCCLTwR&Ne. 
RpreAT wvt-rlw water is JEt- 
LECTeo BY BLAoes EQUALS R4TC 
AT WHICH WHTCR ISiuPS r«o*H 
NOZZLE ; Atn/&C * ^A W 
f IND ■•(&) V/ELOLirv V Of 
GlAdes p»rn«fimum Poweft. 
(t) maximum Power, 

(cl Ml?C.H«VICAL erPlClTNCK 

_(use Notation 6 F /V-,7) 


AS IN SH^RLE PKoB. 14,T t 
±,R CoHP; (OiH) «. - =(OW ) ^ cos <# 

8u 7 (Vtw/ A7M - A(uyy cI t -.V 

ta«s-. rA^V rt (o;-\/;(/-cose) ( 

ootfor powc« , ri v, a(? (v A -vx/-cpt e; n ( 

e«: ootwi poNr« =r Af ^ ( v^v-\Z*-)( i-loio) 

CA) FOR MAX , PivNgR : 4(ft)NfCj/dNsO! 

(7r„-2V)(l-tos{r)-o V - j- lY„ 4 

fk) HA)<. POWER : MAKe i/.-iVniH eu (i)t 

MAX, POVPR r Af^ 

Id eFFlCrgUCY , . 

INPUT foNen -f^ V A~I (^ >a ) V A 

= i«f^A 5 Cz 

®Wide(0 By(z)‘. , ^, .1(1 

„ OUTPUT ruwrr _ Agi fr fa-vO 
” ■ CNivr A)WPR “ ^ p f t>a 

flOTt ! Na/iptun p-FrrciPNcY /s oETAivtp wne^ V,2->^ 
ANJ> O-'/BO": 

tLx **(iXi)&) - / 
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Circular, R'Pntrun-j 
OMFi c£ (Boar's 
Mouthpiece) 

^=O j ^VtVFJFi 
<.now that ; 

d = V<* 


l^e APPLY IMPt/LiE-MOHEi'/Tv/M peiHCiPtE To 5ec r n» N 
OF v^rt-rec lHS|CpT?0 8y 5H5HTO UMf T 0 
flA-je, £>F V/«TFj? Ci'm E-MTe«»N$- AfV9 L!TPJ'N6- lrJ &t- 





-(a*) y 


■. 1/ ” 
^coHp.i o T-pAt = =(f aa^ir-ft»A t T/AOir 

Tvm.’ p =<°a -it* „ pH!: dV 2 " (0 


Bl>t, RftA ll/m fi- nf'AT fftr F’Perssu/Je- at* 
P-PTH b /S 

p-/uA, - f$*> *■ = 

5uBSr< 7u T/0/& Tff/4 £y< rurssioij IAl (I) F fiC T He 
^PBriSion/ friuE'U Foft V". 


14.83 



GiVEH'. 

tfTDtfAuuC JyjtAP- 
CMAf/a/El y/'DTH = b. 
eXPftESS RflTPOFFlW*/ 
Q /A/ TfRn5 OF b/A^d*- 


Vyt apply the impuisf-mot'th/tum pe«ivciPi.e t 0 thj 

y/ftfEG «ecT/i>fl shown Raid to 7H* a<a» 5 op wfl 7rv aim 
?A/rFK)/*«- a< . i" internal At 

* -- + ?,“w-^7TT\n bt , 


■> 


fa*oy 

T- * 


-Sfc=]\aH3Kg; - 1= 

+,*. + p at - ^ at = 

((’GAt^-tf) f P ( 6t -r z At-(?U 

<?a = n- p * 

8UT Q-■*-,«, = bd^, t r^d/bd, 

tr«b « r ft, ^ - td, V t V, r« /bd* 

/USo*. P, = £fi < A,= £(a'oM(b«t v )r, itfbd,*’ 

5/MlcAALV ! p t =• b<!l 7 *- 

5U6STITUT? P<? "7 (2iOU 4) /f y ) '"TOC)’ 

<?a l 4*-j ! = 'a (^(di+dtX^-d,) 

hd/di 

Div/ ‘Din c tHUvo&h 8 y ti 2 .-d t A>j a FcaluaAS- 

T7MT / = f>fl;: 

r ' l "‘ : - <d 

d = 6 Vi y-di d i(<ti+dJ 


CO 

(l) 

co 

(*> 


>14 84 GjV&ti 

—^- d> - /2 ff, d = ^ ft* ^ = W* 

FlNb! fcATe OF FLO nA 

SEe SOLUTION Of * PHo< IV.6A FO'? S ERlV/A TIP M OF 

Q-=b 1/f ^ VfC a i +<, 0 

STfrvF'Wft T/-/f g'yACI o (pAfT M I 


SvliST 

Q 
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G^Rifvel ftt-LL4 0<y CoPvETa* SELT tVITH a/ 0 ^FLot/TV 
/»NP /17 T/A6 05//<TRn/T APTS £| = 

/d.) FltJD Mf^O^iruDe of raecE P/irQufRco to 

W fl/^7PiAj /» QjA/srxA/r £clT spcco. 

(t>) 5HoW r/yAT ^,e. /eru«)«?A> fiP 6e*WL i>J cr<ucO 
FINE HVTe«?vPL /s FFLF TM-t WO«K J/OA/C BY P- 
WHAT FFPFgfJt TO 7H-F 0T<+** HFLFo f '*JvRK oFT J 

(a.) 'Uc. Ffipi.y tfe uMPucte-rroMcwruM pria/ciplc 

To TFF &OAUZL OF THE BE LI AND TO T«K> MA« &>V 
CF <?<Al/EU HlTTitJC, rwp LTAV/A/fr fl PLT IN IN 7TR.\)fit ^t. 

Hy <n,y -H 


ra«>y 

"-■U^ _ .wiiyinM^ -rara’fttNQ g* 


i, X coAt P,; wvt P A t = mV- +C& Aij-o- 

p- iXr^ir P-^tT ◄! 

(^>) tfitJCTic fimfRSt Acyomco p f? UnittiMC. - 

6a« 0) 

At* 2 ak " 

u/oicx jiovcr pf* oVittihf 1 


Aid = . Pit 

At 4 fc 

rc-oaui a) G- Tfte result .op wrf a>. 


Aid =f r‘ 

At ' 


( 2 ) 


ComPac»v& rsi. Ci) pnA (z) ; w/e cuwcu/te t»*at 

(o.e.dJ <4 

At 2 At 

Tl-te 0~IHCfl rt-ALF OF THE WoOK PF P U 
OlSilPrt'rP INTO HE AT By FCIC7IOW A-J 

THe g-rauel Jlips o/\/ the Belt Bcfo«c 

PeachioJ 6 rwe speev> <K 


229 




14.86 


0) w 

Given : chain or lc^gth € •m paus 

TH«0U6A SNALL Hole IN P(.ATff . CHAIN « A7 ?BS7 
IVMBN £ 1$ Vtt>y SMALL, 

p/N£> it*ch case jwkiV' 


(Wj Acertr«d7iow of fiust cink rt as function of g, 
\b) m-CCiry ft CHmrt AS LAST LINK PASSES THRU Hl)Lt 
w wc th*t e*c*link is AT ftrsT until 

it FALLS TVt^HoLC 

IH CASr 2 , Assume jn*r a n, UNiup/wr the- sour 
Jprr-j? at any &>uvn /a/jtant 

1 ■; *vt APPLY T|«P IMP'JLSZ-HO/'INTU" FMl/C|p;r 
fOT/Tl A>«.noN ‘VCFAiN WHICH k*£ A 1 PASSE© 

72oO&H TrfE Ho(_Z AT Ti^r b A*.p Tk THT FWpuN 

fc/'M. prt«& |rY io/TECn/AL fit - . 

An^ (sfc mom J 

if?* +"pv»= 1 XjT . 

I 3 tn(ysji) (o-4^ 

H ^>Kf 4-^> Ab Sr *p.('yfT f ve>£ + 4 ^flP) 

Du/IDF" 0Y4bAM> LF T&t-*D: fry - y 4jSf (. 

*»<**> 

MOl.TiKy fiorn svocs o-^ 4*10 //ore aia 7 * '. ! 

f ^ 

5E7 yv-u. a«*s iwrtw^Tt . 1 

v ' = in 0) 



Qiv/e^; 

Chain of l^i&th t And ai ass 
'TYI li> LYIAJ6 IH A PILE oti nco*. 
IT IS fift 15ED AT A CONSTANT V: 
Firrp F<>« any tj. ; 

( 4 ) MASNlTvyDF OF FORCE P, 
(b) REACTION OF FLOOR. 


(a) we apply the inpul^e^kchzntvh P*HttiPLe'n> 
TWV AErJUTH^orCHTin ufl+UH Pi 0 TF THt (TooC* 

A FO 76 WE LENGTH NHtCH "AU- eE-jer»N 
iHOJloH DuAinfr THE TIME INTCPYAl. Mr. 

f P6t 


H ,r + 


= !l* 


4 


OSmfs-0 


MjfCwe: 

PAt ■** 

DiViDiWb «r At; 

A/0T/F6- THAT &l/At ^ „ 

^ P‘f<n+*> 

(b) THE (REACTION OF THE TlooH is otuFl to rue 
nr<6HT or chain still on thi fux>* : 




14.88 


ft 


*'*in 


(A) 2>IFFF0FNTiATf ( 1 ) HlfTM RFSPrCT To t; 

* s 3f ◄ 

ft) cAJT ciw*r P/istfi rAR'NS#! ^oir **P ah» poC'l) 


;P 

Given-- 


CNAiN OF LENCTH l FWSAIA5S 

A 

15 LOMpC'-U) INTO pPILEOivi 

“T 

TWE FLOOR FT CONSTANT Tr 


Find roe any 3 s 


Co) F\AbN> r ur >E OF FOFcf P. 


(b) Rertf tion of T^e floor- 


still off the floors Pz-Tngy/t ^ 

(6)WP APPLY rue mi pulls nohki/tuh phinciplz. 
ID THe icngth i-y a F chain pv r«c FlooR 
fi yd To rwe iewisrM ivhicm i+itr tre fu»o8 i«At: 

Wf-' + JJf«-||AI>«» g0 






Pq) 4t time Trff pr>ecc causkoc- 1»E A«tL- 
tFQATlON OF nFErv-'TlRE cA/wN is TAC H/FKSAT OF 
TAr LrNGTH y OF CHAuJ wH«N HAT PrtStJ> TAPOOftH' 

TP «■ tm« : 


1 ^-"f 1 ◄ 

*’ (b) SETTING 

= i 3 

INTE6A fiTtiJCr IN V- PROM' 0 To 1> (A/ T P*Ofi , 

^ T ° L *»*- ' 4 

f^ = ft z 


^»'eoH«-'m y ^ - |*^7 +a 3 ) Afc t R*t=o 

Solv/ino for R .' 

f[fU-}i-*9) + v 8t] 

But a$ -nr a/*-!* ty -*o w**h ct-*o- 

TF«rnoRr ! ^ 


TCWCRIRr 
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1_ GiW: n: 

as p~*>JE oPAAftsim 

CARKMTR, jTi TAIL 
HOOK S INTO F'vp of 
CHrtiN oriEHCTH £. 
fo)A<fliS OfCHM l P'UOIftD To 
PlaUE JPEfD T() /3^ ^HfPt /3< 0/ 

. FOHC? F/f^TFO B/cthlN ON PLAN? 


- : - 1 Jn gftc H „f THC THRte CMHNEJ 

S 7 J Of SPACE 5tKlf "TIE 

propcllahi at Rate or 

Vi ~~ s =^|#i^3||^K 3*tO K*j/s AWB ejects » T 

u/iTH A RELATIVE VELOUR 

or 1150 r>h 

FIND ' Total tkROjt provided By rut Tint Be gAGiHes 

~rn oh roe C * CH rN6i«z 

p- ^ <c - (3 *0 >$/*)( *7^0 m / > ) ~ 
for the 3 engines •■ 

TOTAL Tttnosl z- 3 


LPT m ’- Ha a o f chu* Pen vamt l ersfi-i h 
% - J>l STA NIC TPAvpiex> AI T/Mpt 
Cor/^gfi^rfTiO>V OP UKOEAUM E m 


3.93MM 


jA tyfrc Thin EF FNG-INKi 0? 

/ lj 5 PACE SHUTTLE PROVIDE • 

F total THRyiT t'F 6 
BPS ppoPeuAvr 15 tjrcTEDNViTH 
ft «ElPTiVE VEL. of 375DA>/s. 
^I+'CH PftopEUAHT I*. &>>ftWES BY EACH 


2* ID 6 * 


TUCo-jT or 

2/l& 6 N-i 


14 93 &/V2HI ! 

- 1 - Rociccr r/RTc 1 /rRr/cftLLT Fean feowvn 

1/VC/6HT ar RockTTOHCtupnve fozl)s 2 <fo o* 
V/tHjHT OF FIJcL = $5 000 lb 
Fuel eject ev at hate of tflb/suSiTH fiEuftTiPe 
t/rLOCiTV pr 10, 000 ft/). 
jr(N£>: ACCFLFRATiokI OF RoCKFT 

Fa) as it is FiREJ?. 

(£) AS LAST PARTICLE of FvEL l<\ BCIN6 COOlSyHC& 


6«,«FCflU,U6(i): A = - W 

DECELF i<ATI0R IS FIAXIAUH Foi? PL rO, vJe HAY t 

_ 7W‘mV, 1 _ 4»V* /,) 

^ “‘W - ^S-J - ^n v 0 { - 7J 

W&iri*J(’ I Fl... g A/Vi> RECALCHV6 (2); 


- LAHi-i AT^feokm/k 

Hooks into sns> of 

LoWfrCtfAIW OF F'ASi OF SOkfJm , 

; (A)ril\/, jSECC SFA,!.\rJ or F'.flHC, 

ttcirr WH FIV eHTIRS CKAI/V IS pMUfDIIOZ 


(o') AS R 0 C«T iSriRro: 

™ ) ' WH *’"./** 

(i) AS i.AST PARTICLE of FUfUS &ZN6 COtJUjUFV 
v^r ^HOO-IoVO - ^00/4 

FRoHO)> 4-^*“-J 2 - l ‘7»'JZ.Z -7177 

5=7/0 


^EE SOLUTION OF PR tig, /H. 29 FOR DERIVH Jio/C 

of eas.(3) amp(t). 

MAX. DEC EL. r ' 

max, vEcei, - 20 .fi ^6* ◄ 

(t) PR/>|^ ro (3) ; For = L = eom ; 

IT - ^■tF t , _ feoooki,-)( 180 km/h) 

*** (nt-nn'l) ~ &Dt>0kg. +(50k$/m)(BDrr\) 

ir ~l08.0k«/h H 
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14.94 I Given: 

ROckti Fired vertically prom gr 0 ov p. 
M/atMr OF Socket (/(VCLoo<rJc f<jpl)» smooth 
WZlWl OF FDe l = 25-00 lb . 

Fl/EL Co'JSvIi-'^i PT Rate Of 3O A/s, 

AccetecmioH /(njcptbso pv 7yo /f/»* from iwt 

ROtKZI IS FlRth To 7IMe LWT PPRTICI& OP FUEL 

/< CoNiUMED’ 
pIN/frl 

RPLAiii/e i/elooty WnywH-iLH a EjttTCO' 


s\ A »*>*: 

W j i p- VV - ■» A. 

1 f* 5 

F t ~ ac h~$' 0) 

A3 Rocrp-T i$ fired; E0.(i)Vi«-t.c- 

- s cz) 

a fcoo/6 # 

in/ftv t*jr particle /s Fip«x>; 

(S 

S0*7K*CT Ci ) Fron) (3); 7Jtf r ?« (-L. - J~) 

750=('-£fc«>?>/D'^ 

P =- //gp* io * 

BV/ T f PftOM PQ (m.4V)s R" 

p = 4* ! vyoy/o 3 - 30/t/s ^ 

d 3 § 

_ SOL - !5 t 000 it/i 


14^5j Give* : 

__WKJ ENtrtNF OF foMMuiVicrt7)o/J 

SHTeLLirf /$ fllVED To 
; /'VCRfAtf m velocity bt 
^ V- y ' Vuooft/i’ 

i WEI6*T DFfATtiuTC 

( WUyB '** Fur/ ) *10,ooolb. 

X !\jj; BjA FUEL CJTfCTto VVITH 

|||| HP RffLW»,ve vet. or /3,7S»fJ& 

MriiiFr 0F Fofi fovsumfEk 

•v'f frPPty /Mpdi.«,E-Mc)FieNTv7M pruJcipUF“to 
1 i't* Luitf fwd fuel eyPEiLex* ini /MrrRv'PL &t. 

--. AlM/N-V-Otf)_ 

Ds?) + o - —id -t^i 

<>-V^Vt-4V) 

** vn-l/-= ('m-A'»')(v •* Oir)-A* ( « - v - atF) 

^IrV ^*1 f -Hlft V-« *• r<(»r lYn»'f 

-*>1 <1 IT ;r -c<_ 6 -tv 

But /WizcjAt A^t ^ir«i 0 -^t 
TrfUs («(,-Ht)AV - AF 

AS Ci'-bo: ^7 = «•? 

« F’o-Ift 


0 -m,-^ L 4 1 J o 


w 6 -ft 


(CONTlMutD) 


14.95 continued 

P^PflCSSlNt BX).(0 IN E^porUEr/T At. FoRMI 

-* 1 * ~ ft) 

♦v?t c 

5E11IN6 *^*,(10,000 Ibyj , \T r Ooooft/t.cv' 13, ’/ It* 

AwD F/pftjsiiWfr <j i N li/s, r»AuF 

10,000 —f t = Zf,9BB.B Iyt= *»,mi.t ^> 

U/Ff4iff OP ruet £FPyWDFP =£)t - 4<V/0 /t ^ 


14.96 | , Give*: C 0 Mr\jciKAlion sareunc or p«oj iv 3 S. 
F)nJ? ; fNojEflse in vetociTy frfref Z5Doit RR5 been 
lOU<,oMED. 


Ste Soul) r ion of Pfos Fo( P^iVuTiom ciFH?,(iy 

CO 

%-<jt 

T *ON J>atf op P* 08 S, /If, A? Af/nib. % ! 

13,750 It/s, *n 0 = (io,coaii>y$ r ft -(1,500ib)/g 
SueiTiTU TF in (0 •’ 

tr (IVWOftA) ^ -A 753 f0) At (/. 3333) 

V-3UOfi/s ^ 


14.97 yt GWEN-. 

- |1 A fHO-kfr SPACECfirtPr U MOUiUTEP ON 

I Top of Rocket o f ham of if /v^ 

I! iiUcludiiUo /7. 8 Flicl • 

j> pt/fL (5 C0M5UMEP 4-T THE RATE 

a OF Z? 5 k%/s AIVD rTECTED WITH 

1 A Aelptiue UEtOc Iir of 36(X)m/s. 

1 MA)<inUN 5PfEP OF SPACICROWT If 
» Socket i> pieti> uerticallv fb«n 
the 6RoOWQ. 

Spmplp Foog. nt opsiupTiow op 

YF-ajlItl -^!fi-«fr (0 

*o-f^ ? 

2>Ata .* 

■m = 3K>0t»/s , ^ - J73* > — n eoo 

on # = II OOO kg +s*0 tg = 11 5*0 kg 

U« NAi/C ^, = ^1 /7000^ z(m%/s) t 

L 7 . B0o .^ = 71.111s 

Z2Skg/ s 

MM. veuxrrr ,C, RcAckro vUNro/ Aa K»El has 

e?TP*/CCX^SUNE, TMAT IS, */«CM ift=-, eft.CQlHlDS 

Go 

= ^6°o ^ -(!(" "/s^nm s) 

=(3600/11/3) g, t 11,230 - 776.1 ^ f ^7<j30.8 *h 

V % = 7f30 pi^ ^ 


71.111s 




14.98 A GlCEN ; 

A 5hO-k$ S'PACFCRBFr Mftun/TJj) ON 
A Tv^o-5Trt6t Rock f J-. 

B &ACH STAfrt HAS A MASS Of 
/NCLvJDiWfe 0.1 OF FVeL. 

Fc/tL IS COVSVrtjp *T A RATE OE 
1X5 kg/s »«D rj-c-TPD «/iTh a 
A fte'.ATIve vetoflfy' OF 3600 >"/s • 

A£ S-TMrEA SXP*LS ITS LAST PARTictr 
OFTOrt ( ITS CASIM6 15 .7 FTTiio Vt !>• 

T Fin r> : 

oprocketat that instavt, 
(b) MAXIMUM SPCCJ? OF SPACECRAFT 


SEF S'rtMPie PR0B|4.8 Po? BffClUATI(IW Of 


•\? su. ■on. 


n-At 


(a) FlS$7 STA6g 

V= 3600 ^ . <7 -- 225 , ««« FFFuft -W, , 8?00Aj 

-»* 0 - 2(1 5UO ) + 540 ^ = Ils*i0 *jj 

\\it t**is -wi,— ft t = 22lf- Slook^ t = i3.58bs 
J 7 1 ') ?25|gA 1 

50 8£>TI Tu TC //o TO CO* 

V ( * (3600 «y,) & 7 ^°. a<?fl0 "/*’)(3*ST6 j; 

r- (3600 *yi 1 (.8 365 - bBff.Of «/ = I8o0.3*/i 

'J = 1800 m/* «<j 

(b) second sta&c . 

<*.- 36oo<*js, Msi > fru:Lt «'f e<i00 i 

*> ( ~ l7to *$ + 71o Rj |ovo <TJ 

.*,= *£ :££ » gfii-Q-a t,= 3f,>-f6? 

v 6^ tEj-tF, AMP WflBX-F'/ IV ffS.fO : 

-(3to°''/s) Ih 8.8070-308.01 */, -71*1 *>/s 
*r t -= *? t +7ttil = 1 800T7fVV = f2vy, 1 {t9/40/"/S ^ 


14 99 Ol^ gt ^: SPrtcECRRfl OF PROS. I If. 17. 

- 1 - Fin D • Altitude reached whcv all the 

Fuel OF THE l^lu>ich/n6 Rocket is consumed. 


Wt recall data from Pftoft.14.97 a us> eucO. se7TiN6 

v = <3y<U-, we we 

‘V^*F5T-8 t > ,i ' r 111 

A = 7 > s '.^i -PM' “Afe" -i*‘‘ 

STT7IN6 UbiZ^t-* , Wf PWD THAT 

TtfUS.* A =/ A <^ -2'0 + /) - £ f** 

G/UEM 5A7A; -a = 3600<"li,<j - 225 tyfi, * n lt r l1S*oi$ 
t- 71 ills c/t=*fn >*>*■&,%-ft=ifno-neoo=i 7 wty 

h - 36001-711,/ * "g.Ac /^5 g ]_^rt8i)L71l//)‘ 
~^t0O(^1.l>l-|8.7a*)-^O6f8 - 186770 « 
tNCa^Wa^AS M40«&C0H5FAMT) h = <86.8 * <4 


14.100 GlVCN '- 5pPeccRAfr fsMp TWo-sr/sec 

- 1 Roacti oF Prob. IW.^B- 

TiHP fitLTITODS A7FWWICH 

C^-) STA6 E A 15 RElCasFD. 

£b) pofL OF BOTH STAtes H/tf BESH coM5UMffp. 


See 50LOTIOMF OF FHMI.Ftr F<R0e- I0;B amp P*u8. 
11,11 For pfmiva.tiom of B«.CZ.7 ; , 

< 2> 

6l) FIRST 5TA6B 

FROM P«o<5 14.^6 nil? H-AVf 

' tt-3600 1^/3, ^7 225* /y/3. n ■“ II 710 M 

C *njmg<f0O k.t tj 11710-0,100-10 610^ 

T2Q.(Z) Y/CtOi 10610 J [Ohio 1 _i/o o,y, f ir .\’ 

K, ^.(3600)[3f,ys-6 + i 77^'^ TTw J Jf- ( "^ 3, >?i7 
=-(J60 oX3<).5TF -X6.7H) - 76 1 I *7 * SI 2V0 T>\ 

, f», = 3 ».« ^ 

(6) Sfcovji s~r AQf 

05/NG- F-6-A-IIV ev.(t) F-VP /t-UPiVCr h ( AV9 ^ T u |T, 

's: X S£*. ? 

^fl,s /O Oiokf , jt i = ‘"7 i s 0100 = IIHO «8 

2re.(3)y i ^ Lt * r imp n»o -1 

h 2 .-31 lie + (10<w 5VO + -5^1 J,? ' 4 H7 ^/flovoJ~ 

-±(1.6i)(31. 

^ = 31218 + 714/3 fJ60o(39.>i'6-H.07i)-717r 

s 187 fODm h^-IV. 5 km -ajJ 


14.101 

-CoMMONItA-ijoN SATtlLlTt yF FRo6. 11.3J 

Fuel ^oRSvMto at Rate px il.slb/*. 
F'Np: PiSTA*i,e fAo^ jaTpu-itE tp ttie at t = 60 j. 


5cE SOLOTIOV OF P«06, 11.9s For Oe/TlVATluV or 

CO 

S’frnvtf- i r=Jx/dt' wffas/c 

ScrTiif in* ~1t ~ ? wr dt =r ~ zj* 1 ** AflD 

X- id* = ***[* C**-*]*- 

*4* (’*&■*• 

xs ^(t+'^lU^^l2^) (l) 

Q-!ten to ATA ; CJ -(37, £ lb/t)/^ , f = 62?^ 

TRO+l PRoS. 14.“f3“' 

*t: ", 7" <■'73 ^ -m B = <70,000/b)/$ 

n/us; ml 0 -c^ts (10,060/^)-(b7.6^)(to)- (7T>~0 

/tpre« soost/tot/ov, rci. (fiyiFLDi 
*'(!*, ™ rf'XtO + ^ ^ ,W > 

=03,770)(6>O-72.678) ~ 100,6 BO ft* 

*Ql)0,6Mft-) J_n.ObBmi 

Z- 11,07 mi 
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14.102 GM ew 

- R0C.kE7 OF PROS. \*-13. 

FiNJ>; (a) Altitude m which All pu« /* consumes, 

(b ) \ttL0ClT> OP K0C.KS7 AT THA T 7NH6- 


see PROB. f¥,0 ro* PCCWrtlloH of 

- 3 t (0 

solution er pRoe>, if. pi* omiVirjiow' of 

h --M. [t 4 2kll^ - i 9 (ZO 

PWdft 2rn-TTM-EK/T OF flfioft. /if. f 3 , vJe r.tcpll. 
u r (2,000 ftfi, i» t =(Hoolb)/^.j ft* tnj _fcooo tb)/j 

1 = (*7lt>A)/$ tr *»£ - & Of 

(A) altitude ATI UrficH ALL PQVL H OWtOMrp 
Su6S7l-ru7l»(r -DATA- IN Faf?)', 

H - (l? nnr'FfcA)[ftrt 4 lifOo -ZWO f n J«>0 -3ooo] s _ 

> j __ , ^ IT /V(l) 

tt/s‘)((so s y 

R. ■*(lZ.0oo)(80-XB.6ia)- (Oij0<f0 = Sli.lHH it 

hr ?7.ff8 «ii h-17.1 mi ^ 

fb) VELOCITY QFftiCKcT A-7~ THAT line 


SbtnnvTiHb-DfrT* nv e«. COi 
V -- (ntoo ft,h) e* - C3?.2 

r 12,000 4, 6 - 25-% /8,‘ IX T ft/s 

V = 18,11 Oft/b *4 


14.103 GJ\/£NI j-gf a,r Pl( w« Wl -, rt 

'i>= SPeep op MRPiFVf 
•u. - ‘R^v.ATive sprto op cupelled sasejJ 
5K-&V) that Mechanical srpicipwcy it *)= 3 V 

U+V 

EXPLAIN WH-Y -p = I WHEN «.= it. 


TI+HuST P F, OBTAWtO from 

'Z.T ~at Cr,"!,) WHCrtg' ir ft = T = AirtPiiwr spppj> 
T^ — U. z 6*44047 PCL. Rtu.ro EUWt 
TMvs; ^f-u-w-5 

usepuu - Fir- 

cM: 

0 /PSTl?t> Powr<? t If, C. |/ 4 i»flrtJP£> Pr» SCCONP T9 ExHAOS? 

Gascs wnose#S5oune vtu. u cl-tt. 

= £ (<U-P)‘ 

TUTA-t POV/eRr OC^PUL POWER 4 WPSTeo PtWtP 
r [^uu-vy + i(w-»r) % ] - Am 

S j! ^(-U. L -V l ) - f jy (■M-+^(‘ U ~ v ) 

FPncicivcr = M^ul 

-' Total. Powpa ^(«4 vXr.-v) 

^G. £,!>.•) ^4 

' 4U+17 ' 

W«c^ -u= v- ; TM£ /tesoti/7€ vriiK'Tra-vof rn f 
efyPtUPD 6«SFS IS ZE fZO, THUS, tJt> rummy ti 
/MPlUl TED TO Th* exPZLLf D tr’HSli /io 

PoWEd )$ vJHSTED. 


14.104 d^H: 

Rocket «^ th spies o , ti'itu.i'K Tuel vJitu 

REuATiVe SPEPi: X . 

S'l-foV HEcupweuL EPPi(.i\nex a y v tuvC^'o'). 

exriAtrf WHY •JJ = I vjulhl 4.1 = V. 

WE R'CPU E<*.(,!f. 4f) ftn x**r.-/>r p o» R»t<ETl 

. P = dtf <A, 

At 

UISFF'^L fftWEt. = P"/ r 

WASrtrs ObWtR * ir.E. **ll«4Y »impp‘’*p ?f* 5ea*»a> 

TO EXCELLED f\JEL WHoSp Affrt-'ll B 

v/euociTy /f ■*< -tr. 

7or4-i power= useful PoWfc + Wfi'rtv 

— • O 4 -u‘+V-T-U O’) 

* ott, . 

L +1T*) 

^ oirwL powr» •u>.’>- 

ZrFlCIENCY - r; - Tol> . "J^P( u > + r>) 

U^ax) ^ 

vJHizii U=V, THE APSolutf ueioc.TY «-V* or The 
Excelled poel iszeeo, thus, >vo efutRo-t n 
IHPAKTCD ft) THE e/PELLte> POE u 4-<YJ> VO PbWEP 
U iVASTep. 


14.105 


(j /VC.M 


f.---^ 30-^ BuiLpr p>Rtp 

QMnvj i^B> fir WiTH O u =^»Or-'/ 5 |MfO 

— =“ HP I 5-Jg BLOCK Pi, WHICH 

SHpJ&^=^^fc3C r -‘ f-kjCRHC. 

aoxyc pi AWPCARTC.. 

fINg (<*) FIHRL \/eLUC-iTr 0fcAer«Hj!gtot« 3 
(b) Final Positic>m of block on chkt. 


RUHT/oN of LIWfrtR M0H?N-'JlM 



BULUtT Pioee 704T HrrfP/HPHCT BtctKHM 5Tf»Pt» miiPOr 

5*l 0 !T a =(i* 0 + 1*a)V = C-M 0 y +*A*-m c ) Vf 
(o,OlO^/hOO t«/*) m(T,030 K$)v'z (1.030hi) Ff 
ir’= j^ (^A) =■ x.eti m/s 

^ S A°2°(iii)Oi"/ 5 ) = /, 5TY7 m/s 

(0) AA/SWpr /'* -u^ - l.19Si'>/f ^4 

(b) W0PX~E Hz tic-7 PRlNtlPtff 
just MFrrp /MFHtT: 

T'» jf^ 6 4-TM^) V'= i('x Obokj/ZA b3 •Vi)*- 2o. 6 <5 -J 

FI/VAC kiNETic ErJenoy; Z , ... 

V = | ^zL(1.mi^S1^) = II.W2 J 

WOPK OF FKiCTiok FokCE: 

F-W = Ft do t* 1 *# ' 0,5O(S.0iOXUl) = Ik, 672 N' 
vVoRK - U--F< = - Ik.Cli 7. 

TV U = ^: XO.6IS-Jk.67/Ks M.w Xr0.S70in ^ 











CT/\/EN: 60~Mg EHGIUS. A WITH V^zt.5ki»fa strikes 
20-Mg PlATCAP C WHICH /5 ATRC 57 AviCARfie 2>0-Mf 
LOAD B. a AND C A(?r COUPLffD URDU/ IMPACT. 

B CAM itipc 0*1 C WITH /U* =■ 0. 27. 

FIND VELOCITY OF CAR C 

^7) /AIMfDlAT^ Lr APT6R IMPACT 

Cb) APTFR S HA5 rLip ro A 5TOP RflflTMlf TO C. 

C&rJlFRvATitfK OF UNEAg f^QM- THTUm 

TfRST MOTE THAT E v/ili 'JOT t'itB VJPl'lb Ct’JPtlflti 

or h AND C, S\HCC 7«C PR'CVVI Pone; f5fEcrE* 

ON 8 By C. li MoN/M PtiuSlMe: T&tz f* k M ftt 0 # 0 • 

(TH^fTie.) «r‘ 

' ^ rsi c 


CD - 


! B ! = A 


(lTg~0) 

«rt 4 ir= (*„ f<« c ) v’«f*V *c + *'J 5 

v‘- T.iokm/h 


{*-) rr' =&L(6.*k*/h) 
0>) ^ = j?£ (6.5^/h) 


lljs-lf. 00 k*Jh 


14.107 


■ 6 nu/li 
A 


v f -0 


v, ■ 4 H miAi 

* c 



Hnl 
IMUMM 


GlVtti'. THHZt /DfMTICAi. CftRi WlT* v'EtOf/Tir* 
5 HOiv'n4 CAK £ /*• r<RtT h>t e* o-s a. 

Fin ~ riMri'. /fLt>cT/-P Pa.hc/**. /F 
(*.) ALU CARS 5 ? .T AUTOAATI lAllY coupirj:, 
(t.) A AMD g Ctr COOPLej), Bur £ AMP C fiODf/cr 

< 0/7 ;ach otwfi? «/itn e - \ (i.e. no ih^gy con). 


j(g) ftl.L CfVRQ Ai.'To^i at 1 qilly coviPi tj> 

CONSERv'A T< ON OF LINEAR (MOMENTUM. - 

7M A V^+oR e tr B +»A c ir t * (/w> A ^-A> e r^ c )V f 

W (6<pyk)i-0 -OJI (9.9 «M«7h)* 

V} z 6- g‘9 = 4 0,H Vj-O.HOOt''%-* 

(t) C AR f , A AMP B PMLy PE7 CQDPLgP 

rO|VS?Rv'R' r i oh Op L/NfAM/'OrieMri/M rop A B : 
Th (6 milk) fclV'Ur' 


par c HITS RHP 


•j/ 1 — 3 ** i/h 

outlet C J OtT '. HRS A AHjJ B 
(2*0^ 


*fM Lfc* 


EM^I eg = EK5 R 

CONS. OF tlMEAR MOMENTUM : 

%V“+ V) •= /.Z miA C I* 

(CONTINUED') 


14.107 continued 


<&> 


Cc*/sr«yAT(«K oF trweRifY (£ a l) '• 

RELATIVE YFLOCITT PPTC*R Atvo BtFOPE IMPACT ARE 

euwAu- ^ _ v“-f.a>i/» 

SufcTUACTiNO (2) FA*H(0' 

3 V "= U - 7, 0 V = * 0 m '/* 

TKv$; 1 /’^ r y' - 2, ?o#;/h+- 

SoesPTVTf'Ntf. yT^-i.Zl> A,/i, «N CO 1 

f (-Z,lom\/h) + *l~f.Z ">'/> 

17 C ’ r + J.SO «./A y c - S'. <0 <*"/ h "*■ 


14.108 g^e.N.; 

- 9D00-lb HELlCPPTEr? A 10 tRATEL|M6 

t>yE EAST AT TSmi/h A7 A UTlTupt °F XYOO O “THEM 
IT I 5 HI T BT' TZ.OM-Tt NCtlCOPTSR B. TH-C-iR 
CUTAN61CP tMRfcKANf PALLS To THE frROMWO /MIZs 
AT R)<M7 located I^OOfEtAST AIVD 3&H ft 5odtH 
Of POINT OF /AlPACT 

FiN P mclocitY CoMPKNrNTS op hfucoPTCR £ 

TuST eCPOPE CottlJloM. (neglect air RtSI*TAMCE,; 

VEloc i Tv* of ^vPccirAiie. I MM PS tA tc L H AFTfR 

CCJDL.I6IO N , 

l»P|$ O' - *• ^ ^ 


FAST 


SUTi 


X .o*t -!!£*£ 

~^Son TH t /Z-« 

I *00^ . {(12,2^01*) 

1$ = - IS. 133/i/4 

THUS: y’r (12 fft/i) i -(if. 113 ft/*)} f (32 /i/*> 

IMPHT: COMSfgt/ATlON OP LINEAR IMQIHCNTMAI 

AFTPO ONQSTiTuTiiJfr ri^-niS AVD ^XP«.C«/0M FCvjMP 

F»« Jr’^ Ako i/o'ino rum tf- 7 Smi/hp 1*0 -fi/5 y 
?ooo lb (11 off A) 1 + 

o * 

50Lv/'M/ FftR 

= /.7S[( UStt/s)i-(K>M#A)}+( 31 

IT TOLLUtii ™* T 

(V 6 )-t,7s(arrf s )-8t.S-ft/i = /56.2S^/ } 

* V <12.10 mi/1 

(V 6 )j -- - /, 7?(IS. tVO-“ J6 ' /iV/ 

(n/ 8 ) } = /-7S(32 /</*)= 5-6.0 ft^-- SB.* r»\Jb 

Aa/WpR: 

7/, 9">'//> PAST, 3d. 2 n/h SOOTH, li.5DoWt! 
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14.109 


60 lb 


G/VEH 


BLOtK B l$SOSPPfJDZS> 
FRom 6- ft- CoftE 
rtTTACH-f D TO ORT H 
SVircM is neiweD 
FROM RrfT tour* 0 = 35f 
FiNJ?: 

VfXOClTlES OP A A'IX> 
fl XR-tN 9 * o. 


14.110 | ^ Gl\S£hl' 

9-^ Block iJ stavis 
FROM VEST (W> SO 0£i 
jxmh /r-tjun&t m . 

(a) vpLUtirr of & 
Relatvp to n RTrrR 

IT F«5 SLID 0.6 M 

(b)CoR«-EsPo>JO'M^ veiocnv of w*d£E a, 

C^E&LECT FR.ICTI0M.) 

iA/e iFjoivt ir, n/ro ^jjd\ 

ITs coMAevff t: 

**» ir^/. ^ 30* 


/<WPi7lSg-MAM.C><TUM PRmJC'P wC 


2T' m iT 0 + S’r t - S / w'i r 

+ > xccmp.; o+o = ^<u>s"30*-m )k 'L^-'R' je 1 ^ 

, + _ 1 n £ _c«3o* ^ _ QJA&J? 

T A" +R A tl"B ?/ + ^ 


^o.32i76 


rON'SITievA T/0 k/CF EvCKC-V 


,NL 0.6m O , . 

L ! "< v '■•y v; h 

1 ** =t6.'rl>7 J 

Ts i*>'£+k*&' 1 £ ^-0 

Rl?FC*'<lrJ6- rc (/eti)C<rt tu.mk/MO pHo\Oh /\eert 

*Fb bitHk rMC CA>V OF CcS,tNP .S • 

7 *a'+ i "sf «5***i» -.* <s CoS ^ 

fiecALLii\JF (l) fttsi> 3UB1TI TcTi^C- !>>f <1 VC*' t/R rf/V 

r^(^)(o.o^t,p^ A t ;'* -*? 

ti-Of)l(0.3J V?*)V I C**3ol% 

= 0'7VOZ t*4 Yi.*>/&$* = 3.23+v t-^ 

Trt/aW* 

3./3<fy ?26.*t87 J 

\ - *.*617 »/> 

W f t//i - 2.86 ly^ 30° <4 

(*>J TiecM re. (/) f 

-0, i xv 7t (’/.<'<'7*/« 

- o. ‘tt<n<s fJs 

-tJP - 0.129 y ^-*— <j| 


Corj-Sew A1 ION OF LINE* R iHQMe^ TQlM 

0 = _£Tlrf ±. * “MrM 

. _ 'Wa'^A + ' rt ’ & ^6" 0 


'tr. =- Has vz ( i) 


:ttMQgCv , RTlON if FNEA&r 

A 


•«p_i Jii... 

YVg DftTUr * _fl 

/W/r/4Liyj 7^-0 V - K/ g ^(vos6J 

- ^(l-cosB) 

4S £ PASSTS UMDCH.A- 

T-- j **-r ft ‘ v = o 

To+v'o'T+V'. 

' in * Y 'rtgVg^ =- 2pl e g.-l'(l-cc0& y ) 

5u0sT/tutiM6- f« 0 M i/js 

(^~} V 6 + ' 1 B 1 ’ =?' r>1 g | ^ ^ I-COS& ) 

l£f(*t++* i e)' , £ t ' - 2-M ^ r 1-tosoJ 

^y W> ir o 1 ' gg g^^~“* ft; 


if ■= ri^F 

B i/ m^e 


'l- u>4 d) 


-^4 _ _ 6oth _ n t, 

»^+^6 ^olbYhO/b 
ft, e-55‘ 

ir e T=\JZ(0.6Ks z;i ft/s l )(6 ft%l -COS3S") - 6A751 
C^^ftV'AJO THIS V/K-LUP )/VT0 (l)'. 

^-4.3168 H/x 


fin/svnw 


V* =■ ^.32 ft/s-R-* *T-rn (,Mft/s- 
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14.111 


G-iv/enJ: 

HhSSa SA-ivj) I>UR 

uwn TIME FROIH COKl'IEW*. 
6el t awd pETiecrrs B* Pt^Te 
AT A 50 Th-A r ir fall* |W fl 
vEkticml vwm ir i> 

DEntCTCs BY PLATE AT £ • 
plv»J> FoRfE RrooiRC* To Hold 
(A) PLATE A, 

(b) Pmre 

(NEfiiTCT FRlLVon BtrwntJ fi-t# 
PLATES.) 


(«) iriPui'r.tfoHriiru/ipiiticiPir n>K Pi*rt a a ns 


(A«n) 3J> _ _ 

“ 1 - IF' Tj 

Amre^txt fo*,) «T ( 


+,z towr. ; (6/m) - A &t * O 

Vt * r W ^ 

-Hohcvton Principle fqa. Plate BAM>**n/p 





i>xcoi*ip.: O - E^ot -- (4*1)^ cos3o” 


S - 4*130* r 9 Vpa A JH 
’ 61 1 7 ~_*• 


Comp: (A^)u | -fj At« (w)“ t *>"*? 



"A 


U»0=p 

L>* 


B^3 X \6/ 

*(}P$ k <*3 k ) 
= 2fV 


/*£L = -l , d=30* 

^ vr 



54wj) RecEivfcO At « M Di3cHrt«tfe») ATS'*!' 1 
AA7E OF woty/s *"£ WIT// t^= lf,Fin/ 3 . 
COt&l*/iD \ffF)F , ' ,r OF COUPOVenJ T flivp 3/*A® /7 
S^PPl)FT3 IS lV = 4Ar/V- 

Find: 

Reaction,* at c A*-t> id. 


lt/t nmy m /M/usr'A/o'TE-iYTi//>i Pfiif/tiPtr -re tht 

COrtfbXPrJl, the SAI/J IT 5l/PP<l«TS ftWJ) THE 5*<W> * T 

Rksixzs //*/ rn e i/xtZR'I*i or. 

5 s 


&c = (t>*ry\^p 

C K = ff - *fc) * r /0 ° <?/^ 5^ - V. J »j4) =0 

+)HOH&TS A Boor c: 

3D = t.e*+ *f(M? <%) 

- /.8 ('/ooo.v; f 0,9(U0t-/sX*.F’/s) - I- *?(**> A^/fVW 

s L861.5N 

D - JLZVf>SH Jtzt.ZIkH'i ◄ 

+tj cotap.: 

- tilt +J>6t =b 

Cjj - W~I> =‘tOW tf-1287,5 N ' IJ/2.S/4 
(RtCflLUVff FH-riT C^-O' C-l.lllkH\ ^ 

tJo TE 


_ /r COMPt*/CUT M/fts SToFFCD AMP T4-E 

5 ft AD W'A* A/oT /VovuVfr, n/"f iV«t«.c HF-vC 

C - I, tOO kN \ I) =-2.V0/cT/1 
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Glv/erV 


£lv/EN*. 

fru/rN MniM. 

5f?eJ> mT, THE C.rt-A-1* 
Kc^s woying cUt-r 
THE PULLEY. 
fiNp : 

HEIGHT h, 

(NC&LCC.T FTLiCHOhJ.) 


l00mni fcfKH oF rur four rotavOC- 

\ lS0m ”' ^RM5 OF^pfi-iNKLCR. CofJslSr-S 

hM^/ m OF TVO STIWAHT ft)RT IONS 

T 1^1 1 OF VlFT F0RHIN6 /ZO’ANfrir- 

£/KH APm pfscfMR&e* 

- y/flTE? AT TrfE RUTE OF 

Zo L/<"'A WITH RELATIVE 
A —VELOCITY OF lem/s- 

FRICTION IS tQUlVW-U?H 7 
TO T = HS/V-m. 

CoYSTAWT A »rf AT WHICH SPfflrJkLeS’ ^0TPt7E5. 


frPPty' tHF /MFi/LI£-AM r’it/TJef P%>mr i ff p 70 7 * 1-1 

POfiT|t>»>/ op CHHuV OF AlMST/Mt ten/CTH U l*J 

Notion a 7/we t aa'C to rtfe eie^in^T nPirw«T// oj 
AFC puss 4t>i =■ — Az which Will gr TEr iw w«</ 
/A/ TTAr 7)MF /NrpRvAtAt- 


Lv/c APPLY the /MPl/LSC'lMOffFNT i/M PRiiJCiPLE 
7D TP? SFK'OKlER, THE M/FTte /7 co<Yt»ih}, A-ivj> 
THE MASS A-WT OF M/ATtr ?WTf«lY< FV IHTCAUIH b.C. 


/yet 

IHfl/LSC 


(»» 


/HAt 


(V")^ 

PS/VAVVO- NO/HtA/TS A 600 T AXIS OF Rti7/4 7 10 W “ft * 

0 + M 0 t = y [ AfONCWT AF (^jyj 

MAt *■ MOH&/70F (m) ? Cl) 
a/c 7«e UtLOt/rr v* 

£0 of rt+e wat^r 

~ ^y V aw a«m /& Tw r 

3 ~ 1 _A (??SUlTFA/r OF p+e 

}*- 0./*«-*■) VELOCITY V' RclAT/VC 

to mr aow’fvo of the 
velocity ^ofuovuE 

y *• e’ ► iU 

WHERE v'-l&ny/i HWJ> .r f 0 A) tO 

BU7 APFLY/WG- T-H-tf L<W OFCoWtrJ TO TfHWWUC 
tJA-S *. 

(0*/ = 0e/p(BA)*- 2(0 SXBa)co« /zo" 

= (P, /S’. 10o*j*_ 2 (O.ISm)(O.IOm) Cot lio’ 

Co*) 1 -- CL0»7yiM* 

/Frecmop : 

MOM. OF 1/ ABOUT 0 a- MOM.0F jT V MoM. 6 F IT^ 

= (0. If U ’coi 30- (&«)(0A) <J 
- (0.ii*)(l8 /*/i)toi SCT- (06)*co 
= i.330 3 m‘/i - (o. Oils*') CO 

SUtobllTUVlVb-IIVrO EO/I) AWD Mec»U.IWA 7PftT 

/v\ r 0.37? W-ja • 

(D-37S A/-nr)At =(ATv,)^,33a3F/s-CO^V7f»)5u5 

JXVIP/W 6 - iT At, AWb /V0T/W& T/+A7 


. .t "'17/0 , 

*>4 4- Atr Alawcvri/M. 

IV? */07f n+P7 r»»? ei.ip«ffv7 at A 4ay//ees A 
4<F?A< P0PPW7U/>1 (1*1)0 vpitri K*b0£j TT/7Fr SnTTAI, 
Wp/lP THY A0«CU7u^ <jp TWr CLCdti/V" AT C IJ LOT.T 

TO THE rVVTffP . 

2 T&>vp 7 /a/(V /io/fCi/Ti A 0 </ut 0/ 
tj 0 <■("'$£ A*)t =(tL*)V->o 
±(2. Oz)Yt 


- 1 RpILRoHj) car OF Mrtii 

t») 0 a-YO LEK/6TH L 
AffRoACHF5 CHUTE fiT 
SFTED Vj jo BE U/ADEd 

at 

—I 1 flrtl/dt- = C) , 

Find: (a) mass of c*r aw> load aftpr c«R MW TASStJ) 

(b)SPErD OF CAR OTTHftT TiMl, 


CQOiefi mtiqh of momcptuai /aj poc/ronTAt. 7> ( ifec7ioP 


U/CCOVilDPR THt CAS AWDTMT MASS op ^«P 
FALLS fW 76 T/fE CAR /A* THf TIME t. 


^ = 0 ^s/Q(» oL / n ' n ) jZt-j ^ 

WE HAVE . -. 

0.175 = ly/4)r2.33«^-(O.Oc/7W)iJj 

cO-^3.306 US-m^fr-p/A <* 


LE mN6 V 


'FloYoAt 
Tl c + <j t 


(CONTINUO? 
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14.Cl 


1 4.115 continued 

? 0 7 '"’a 

f'SIf/N 7tfE'yfWtWTML FORM; W 0 + ijn t 
WITFE RpPAFSEfiTJ THE mss »T TIME t, AF1& 

TH? CAR ms N0/CJ> 7W*0D4-W x 

(£} MATING X»L irl U), Ml OBr*\H THE FiN01.MA.SJ' 

'w, -# e i-<fts - ^» s e <?/ ' /rt *' i ◄ 

(b)M*Ki*/t c *tj. t*(0, WB OBTAl* THE F ,N * LSPEcD: 
o- - * l »'* -?ui * ^ 

" iH. +?t* * *)* • # 


14.116 


g/yew : 

5 Pac.c vehicle describing c/rc^liii? orb>t 

flJWT Tii EHMH AT SPeEC OF 15,000 mi/t? 
R5(.FASTS AT ITS FRoWT ENP A Cf*FJUi.l WITH 
A gross Ivc 1 6 HT of 1200 lb , INCLU DIN6 800 
OF F'JFl. , tymCM IS COMS.VJMTP’ *T TH E RATE Ij F 

C/0 /b/5 AWD EJECTED WITH RTLATIV'C v'Et-OCiTT 

or <5000 ft/s. 

fiNp : 

(a^ Tan&cwtsai. accflt , Rnt>oN t>f capsule as 17 

is F»«et>, 

(b) MF»y.5PBEp ATTft1MP0 Er THE CAP*UUP. 


f > R6NvE«.(Hf VY): . .w 

thrust = 

_ 360X10 */a 
32,7- 

60 P-TvTrt t ; 3feOx_IO* /6 /fOOA a 
" fr «.* JTTft&’ h 

*i -- <*t=Joo*/ S 2 *4 


( Wb-mL y; = «w •/„ (v, tst) ^ ^ 

JUBS>TiTur»Hfe RpR 0^ 7W0M(l): 

+ t7. - Ww ^ _ VtL, (zJ 

(L -) /f an Dives f/sst •* 

INTeecHHHiE 50 fitttAWP5UB'*'lH (2j Awj) CHANGE AU-S'&NS' 

4- <r mAw STib W«r <J«f /.\ 

— i- <4wJ^ t 4 fW* ^ 

outline of program 

/A/pw r W t , Eiis. ( 2 ) AND (j). 


U/0NA/N OF Wt/fiN7 W*-^TANSS Pc«jr 7&3>lvE NlTW VliOC (TTs)^. 

RtlaTivt to Boat of weight • 

At an IT VTlfeVrr wT, TuPlilt gRoM OTHER, 

at boat With Mci*7iVE WClOCiTT ^ 

fi*p. : 

VBLOaTy Or fom AFTER Bor* SNiMWERS-'ltAMEpiilEJS 

IF^y Womaw dives piRsr, (b) f\an Dfi/rs first" 

OSE w ^,= L2.0 lb y W w * /00 1b, t^j-Jcuib, ANT 
( Prob, it.V) : <r« - •Oi,,*- /£> ft/o' 

■Cl) 14 ft/s, %,* Fs, ft/s . 

CCU Vv-W-ftfi, v m *14fr/s _ 


AF1AATQI5 

(0.J w/o/1F»y Qivr; fiR;f; 

^ = FfcL.OF aoAl AFr^e WUHI'lJ JUNES 

■= i/cl. of Boat AfTFp doth sn/mmeiu. ha^e ch/^j> 

CD\Z»*evA7iOAj OF-HOM^MTL/n 1 ^ 

W w (v„-vl) (W»*vm<4 M, 


o?-K (^ _ ^)+K+<v t1 K C 0 


(i) k*/. SntJ> or CAFsuif 7??tA7Ve 70 JAfR-f NfNXlC 
■: JB'Hi/A/es) Ftoii Ftpression DtRivirj in wofl.iy.'i^ 
ON FR0H ExARrSSicV isSTAiNEO UN SATIPLC PROfl. /^,5 
by o/inr/NO 7«E tc-kn toe to fravit/, 

Il|^ ( m.-ff-- -^-— . 

nHq _ 1200 _ s 
«#~fb ~ Not) 

thus: 

^ - (‘j000 f f /4 ) 4/ 3 - (<1000 H/t)(I. o let) 

- f 887.5 H/s - 67V/ 


ms.iM 


(a) Woman divea first 
Velocity of boat » -2.800 

(b) Man dives first 
Velocity of boat • -0.229 


v c » V v + ’^ /y - IF, 000 tu/h f 6 7V / A >A 

= .V/. 7V/.7 m*/i 

7^. = it 100 m\Jh 


(a) Woman dives first 
Velocity of boat - -3.950 

(b) Man dives first 
Velocity of boat • -1.400 


(a) Woman dives first 
Velocity of boat • -1.650 
(b> Man dives first 
Velocity of boat - 0.943 








14.C2 

- SYSTEM or 'H. PWICLE.S A- u OF 

COORDINATES X: . •«. 4 . W//TH VeLOCiT'FJ C>Fcb«WB^73 

Pinp: 

COMPONENT!* OF Aok-UUMl McHCN/TuH OF SY'STEM USO'.-T 
OKI 61 M o. Oit Program TO SOWE PCoti. \tt.<3 
ftwp \4, 13. 


*• •* £ £ 

(6 

H <T £ ^ - *;C<Q;] 

U) 

f t-i 

QuTunc OF ?RO gRR M 

PMICR PltoelFH 'vl/MBpf? Af/r> jySITM cr units cc®& 
IF SI uvui, euTP-R f^r 1 = 1 To i -y^; 

^8); *i. lfL,*i(»); (^)i,(^k,i <5>i O/*) 

/F <J.&C<MWA*V C/M/5, eNTER FOR t = I TO t r 77: 

Zbfrfc); 

PVIVD COMPUTE Dti-Wi/ZZ.Z 

CO MPyfc TFT 

PR\r<T PROBLEM UVMBEK 

FKin't VKu/es abTPriNCj) Tor h x , K J/ 1-r i . 

/r SI UMlTS, PESULTi Asrt Put a CD /N /^.mys. 

IF U S. CO^Tff If Ry UfJiTS, RtSWtTX 
SXPREOCED I* ft. lb-5 • 

P*'06F-hM OUTKIT 


Problem 14.09 
Hx - -31.2 kg*m'2/s 
Hy » -64.8 kg*m'2/s 
Hz - 48.0 kg*m*2/s 


Problem 14.13 
Hx - 0.000 ft*lb*s 

Hy - -0.720 ft*lb*s 
Hz • 1.440 ft*lb*s 



GiE &i 

5«EU MoviilC. nl.'JH t/tLOC ity rf CrHPfii‘Z"-& 

cyptottj IN fMCCE FFAiMEw 0 -If VI/CIM’TS 
RT Pfkir/F /\ 0 AT VI^TbflCF d FVoh Wmi.l. 
f kmvztJTS |4H T«t v/PU. AY POINTS (i=l,2,3') 

CooKVMfiT*! *• Afli.^; , 

FlNT> - . JPrcC CF tf(H fC«4MENT AF7f4 ExPIoJHNA 
'>SE PRoAkAM TO SOt VC (a)FROB. (b)P«0B. IN.Zfc- 

fttlpTysTI 

DETERMINE 1<| RE C ~1 'ON CrClN fS OF PATH A 0 /V t (M,T,:|) 
FIRST co^Pi/tE £. r^Taf+vi* (I) 

THE N (? x ) i ■* J't / A i (^i ' ^ " 4^ W 

CWbfRV/nioN OF LINEAR MOMCNTOrt: 

^«,2,+J ^ V| 

Z-coMP.- W ( (\-) t U, t tr 4 r (rf, i« : t W 3 )tJ e) 

|comp: w,{^,v; +*^i$ +w 3 (j^tr =rfy+w, ♦ */,J $ ft) 

2-00«P: \V. f5»i\ t ^ (5J 

THtsc 3 e»s. soivitd 3tMut“ANtooi\.y npt r h i'; iV 

OOTLW1E r>y ?R»> tWPlM 

FX/rr k Pp.os.. crt mi->• -^ PK 

E^TTR VA'.iFi or fil 

£<vrER vfiu« or ?4R i-'‘ 2 .3 

COMPOTE DiRec.7i0fV COSIMFS FROM EOS.CO ANDf 2 ) 

Compvth coeFf. ,N/ e«5.(3),Crt,(S) AMU 50LVE FORD; 

puT/N/6 ' ' 

“<f?4 '"tl**). w s (^ 

Js w 3(^ , V ate '4(%,c«c. 

W f(^| W t ^ f )i w,(^ ^ 

Mu -VJD./d, ^e-D^/D 

?R0&RftM OOTPuT 


Problem 14.25 
VA - 1678 ft/s 
VB . 1390 ft/s 
VC - 1230 ft/s 


(b) Problem 14.26 
VA - 2097 ft/s 
VB - 1853 ft/o 
VC - 738 ft/s 


240 







GtVEhl : AS Sooo-ktj Pi A»li? LAnJ .5 PN AT 

IPOtm/h, m T*n Hooks /vtd ewe <JT So-m LoNt 
CHAIN OF At A-., FrK I'NiT 1W Vi‘ = SO *£,/" 
iYiH j .5 *;jvV J'SeK. 

TF’-PUi h ’’F usiN& 5-**l /NcREmENT^ jxsTANCf 

TKAUFLEjO gv rtF ANJ> TH ? COM?F< pnrJOli-Ji 

v^lufc t,vp Tf'vr, T^r/?o:iTr, and thz 

rtCCf-ERrtTO/v) Of TH= PLAN?- 

(a'' ■''= if) 07**^' *C? *»« 5> JV r 


C/ir'lPN ■/*?•* oPUH- n * <7 <!\: 

Wir e (<m+* i*x)g 

“V-'"'*' =a- -r> — ^— x 

C__ XJT - a ^ r£CT ~L — » 

^sET! -A*. --1 

*|V^ -(Vi-mijc^V ft) 

LEITlHC, Vzdz/<tt’, 

<n\dt-('***''*■)•**■ L . t 

t - J *'V i * {,«,.% J 

o o . 

SoMlUbfl) n<? iTr .T* gp.,_ 

J m + n^i 

D/FTTRENUhTins (/J with Crsprtr Tot: 

0 « m '4 ? l iT +(*i t *'i) 4^ 

at oUr 

vm'J('~ i 'ni\7 tb/ett-v *»?> dT / At- = &- 1 * 

0 *- -a= - fti) j 

OOUINt OF PKO^KHiU 

f« 7 a 111 =6COO Mj , II)’.- 50 M/|«, l) 0 ; /fiO JU/h = i'O *i/j 
TOR a = 0 To x- £dm wmn 6 5-m //vo#.e'itw7i 
C/UClAATt t, TP *NJ> a f€ort COS. (^(Si/V.) A*® TflgWW* 


14.C5 


\ IW-Mj PLANE WUlWlMNS A CONSTANT SfEED OF 77*)lt»/ll 
WHILE CLHAEiH (i at AN BHCIE «(=■/©*. 

Plane scoops in air at rate of 300 k^/s avd- 
DlfjLHAKHEC IT AT H RechTive 5Pet!) OF tbSm/s- 
PILOT THEN CHAWSCj AHSLE OF CL|K8 Of WHILE 
MAiNTAiNiMC 7N-E 3AmC EN&lHF SEfTT'Nfi-. 

Ffcf \/rtLUE5 OFtX FROM OTO 2t7 UilHc, |" iNCREMtNTS 7 
(O) INITIAL ACCELERATION OF PLANE, 

(b) maximum speed THAI WILL F5 attain^) 

(h5SUVV? DRaCt TO BE PKOFVRTlONAL to v‘.) 

P>MALT5I3 

ffUH EQ.(/¥.3l): 7HKV$Tz PrdiS^M-v) 
J>Fk/ 0 Tib/& Kate d,m/dt 6y J?: 

7 P= RCu-tt) (/) 

u/niLecnMBiH 6 at ir ft anJ> oc B ; 

p i;sn(i4.-o (*> 

■?,> since Plane is in touiLiSWOM; 

W^l\ j> o r P 6 -^ S |noi o (3 ) 


Distance 

Time 

Velocity 

Accele; 

(m) 

( 8 ) 

(km/h) 

(m/, 

0.000 

0.000 

1B0.000 

-20033 

5.000 

0.102 

172.000 

-18 432 

10.000 

0.208 

166.154 

-16.386 

15.000 

0.319 

160.000 

-14.632 

20.000 

0.433 

154.206 

-13.120 

25.000 

0.552 

148.966 

-11.809 

30.000 

0.675 

144.000 

-10.667 

35.000 

0.802 

139.355 

-9.667 

40.000 

0.933 

135.000 

-6.709 

45.000 

1.069 

130.909 

-8.014 

50.000 

1.208 

127.059 

-7.327 

55.000 

1.352 

123.429 

-6.717 

60.000 

1.500 

120.000 

-6.173 

65.000 

1.652 

116.757 

-5.686 

70.000 

1.808 

113.664 

-5.249 

75.000 

1.969 

110.769 

-4.055 

00.000 

2.133 

108.000 

-4.500 


(ft) PL Mf CLIMB1N6 AT hNb^e Of AND SPEED 

- «ia- 

-t 6 <xv m - a a-(P-j) - ^)'«]/ni 

w ,« 3 ‘ 6 d 

(t) MA/, SPEED WHILE Cum 8I'/«- MTANFlEOC- 

AtfFL. vOlLL THro/ 8 Z Z. CFO AND 
PLANe IN E ROI L 1 BRlOrt • 

p - ^* r £ =0: p-x»- w5si.>9r=o ( S ) 

tt/f rog bOT,S(fJCE JJ-v V* wit NAi/l 

T>- A (t )/^) 1 

& L/&ST ITL/ TIN6 To? J) )NTO (?) AND F*? p FROM ("l).* 

R(<r-V)- (.A/Vj^ 1 - ^ *i" « = 0 
u*+ Jy£tr -f ^A)^i5iiov-P-a)=o 

set 8: RT u Vr^° C =«/P 0 X w S*' < '«-‘ i1 ^) 

t),,, * 1 (-£ tYbMc) (]) 

OUTLINE op PCO&RAIM 

enter 'rtU|£,FI 0 , (^ •0 0 -77Vk«.//| = 715m/s > 01^= /5j 
Ri 300/c|/ s u.z615*i/ Sj a = m /f' 

USE EOS. (l) ANp(3) TO CALCULATE ^ ANP) J3 
CALCULATE B r lfir # l /p 0 , 

FOR « FROM O TO BO* WITH )• /NCPEMieNT^ 

('Ll) use no.(_!+■) To calculate a 

(b)OSE BCt»-U) hW(7) TO CALCULATE 

(COiNT/N UEH) 


AW-P J> 0 . 
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14.C5 continued 


O' IT?V>T 


alpha accelerat 


degrees 
0.000 
1.000 
2.000 
3.000 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 
11.000 
12.000 
13.000 
14 000 
15.000 
16.000 
17.000 
18.000 
19.000 
20.000 


m/s-2 
3.031 
2.860 
2.689 
2.518 
2.347 
2.176 
2.006 
1.836 
1.666 
1 4 97 
1.328 
1.160 
0.992 
0.825 
0.658 
0.492 
0.327 
0.163 
0.000 
•0.162 
-0.324 


ion max v 
km/h 
921.796 
913.933 
906.020 
898.060 
890.053 
882.002 
073.907 
865.770 
857.594 
849.370 
841.126 
832.839 
824.518 
816.166 
807.785 
799.375 
790.940 
782.. 481 
774.000 
765.499 
756.981 


t * 


14.C6 continued 

O^TllNP OF pyobBftW 

CN TPR ‘H\ 0 = 

=T *. 5 / 3 . , -U = 11.600 ft/s 

COMPUTE FIUI H fflMF = tj a /ej 2 l 0 OO/l 1 =. 80 . 

PM t F*IHM O 70 0Of 1-, /NTf«vdui . 

C«PI/Tf 

(&; ActetFR^Tiot/ a. from eu-tN) 

(fc) vetociry v pRoM e<s.(i) 

(t) C-l-El/rtT|6N /| PROM EG).(.3), RESULT 

Pv- ^bo 7Z> obroiri R in Mties- 

frROfeRftEA OPTpQ-f 


14.C6 ^ EN: 

- Ro CK»-t OF vV£f6W7 2 ifOo (b, iNctoEiNfr 

2ooc> lb Of Fuel, /5 f7RE.p \/eR7/Cf»u.y feon &RoJNXi 
IT COft/ju/iMFS PUEL AT RATE OF IS lb/s AND CJ£e75 
fT |(/|fw KEi-rtTli/e 1 /pl.Ofl-rY OF 12,000 it/}. 

Pimv pRoM T(M» 0? tfrunuin to tint vmth ». 
PAPTIC'. ? of T ur!_ (5 PlNj> flP <f-5 TIME 

lr)Tto.OhLS \ 

fct) ACCS_**R*TioiV t Of e.'VT ?7 ft/ft 

(.b ) ITS UELOciry tPIA/ ft/5. 

C&) /75 €tEVAT(OW b A&ot/c <SCoun.d pllLCs. 

FStJfi'SSIS ’ 

W/E CE* A.t C FCOIH £AF> Fir piftvij, I !<,£ YT.R7 

(0 

itfMttr u*~ velocity- of rochet 

1»1 0 X tUl-JI/H WFmH7 OF ROCHET APJ) rutt 

a S Rote FT wrf'.if FyCU CWS'JMEP 

i/FLuenypr ii/hich r-jtu I'ijtersji 

LFfTitJe </ =. IMTEfMTihfi. jj from OTOk 

h r u ^ ^7-^r ^ ~ * * 1 ( l) 

To C pl-COLATE TAC /A/TfSFrtL, «/F SET 
A1VT, i&TFHT/y TH EftP Fore f 

r '22»/*,&l ictt+ 0 

THUS, EQ.C2) YIELD* 

1 tM u *' e > • 

J. = u(t+ (\) 

KFW*J'F|ivifr PCs. CO' PS 7 

o--u e* «t t -u e* K - 4 O ~ £ e 

ftNO bfFF?Cc«Tl0T IG H/iTn {' ct pFct TO t", 

a ■ Z'] . -5 a r - 5 . fi+'j 

JV * Wa-qt ° ^ ; 


t 

a 

V 

h 

s 

£t/e~2 

10*3 ft/a 

mi 

0.000 

92.800 

0.000 

0.000 

4.000 

98.235 

0.382 

0.143 

8.000 

104.164 

0.787 

0.584 

12.000 

110.657 

1.216 

1.341 

16.000 

117.800 

1.673 

2.434 

20.000 

125.695 

2.159 

3.683 

24 000 

134 467 

2.679 

5.714 

28.000 

144.271 

3.236 

7.952 

32.000 

155.300 

3.835 

10.628 

36.000 

167.800 

4.481 

13.775 

40.000 

182.086 

5.180 

17.431 

44.000 

198.569 

5.940 

21.639 

48.000 

217.800 

6.772 

26.449 

52.000 

240.527 

7.688 

31.921 

56.000 

267.800 

8.702 

38.122 

60.000 

301.133 

9.838 

45.137 

64.000 

342.800 

11.123 

53.066 

68.000 

396.371 

12.596 

62.037 

72.000 

467.800 

14.317 

72.213 

76.000 

567.800 

16.376 

83.814 

80.000 

717.800 

18.925 

97.148 


-=J- -i 
n-ft ^ 


CC0MTU4U E.D) 
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15.1 I 6/t/W . e =/*£-£*-¥&*+/& 

fi/vO ? &, COj A"0 o( 

W** M 6-a, Q>) t ~4s. 


cu= *r£' L -?i 

<X - « ?t - ? 

(a.) Jy=C>\ &■=/& sx*<L '*$> 

OJ' o 

CX = - J'i-'J/s 3 - ^ 

U)t*v*i <s •J.sOff - ySL+P- t-fo 

x ◄ 

U>= *.£-[*) - ?fr) 

cO* 36«+J/s ◄ 

<X*?fv)~9i <X*27**cl/S* ^ 


1 5.2 g/vg//: & -/■ S~t 3 - M.Si*+/& 

/y/vg -' £ & ft/spcf vsrte* to-O 
co - de -/& - <Vif * -?£ 

cx ?£-? 

/ r cjg co- & : ty.st 2 - 9t •* o 

t*c> QUO £*Z. 

/ - o ; <£> — /<d cX - ^ 

/-- - 5 V: £>=/.c(?j- 4 S(zf£>*Vra<l ◄ 

C< - o(•*• J'tO/s' ^ 


15.3 G/vs/j: ) W(W OMO rod 

/Va p : <S, «o^ Ako cx. 

|Wf* (o.)6*0, (i) t ' 3s t (-c)t * oO 


Q= avc (/- e. ) 

60 = = Uo-Ho)e"^* - o./o er t/¥ 

ft s sLCzC «. - ^/fc>. /o)e” v - -o*o?S e 


15.4 g/x«^- &= -o.se, s/i( 

LuntAe <S» 0 * 6 n+J j 7~*‘t£. 

£?*>» : & cOj f>»oot uy/e^{A)t-Oj (J?)£*ZS. 


*>*&* 1$ ~f) -0*9. 
# - j^T r ~ 


[cl) t-o‘- e=o 


to^ 6 cL.-oS(6)zj- CO-C, 

c*«o 

e>= ^ */»(^P) -osU) s '' , [Pf') ■*£ -0 } S-AraJ 
to* ¥<**($) 

- 6^1°) ~ o,S/£) ^(—/)- %f 

C* =- Wf9 + O.S(0C^*t^) 

= -*($0) +*($)'(*) = -§* 1 

CX - TOncrlfs 


15.5 <£/Kfy / /%r)-o,££Ls**/2~r) 

Ujfte*e <£> 0 *6 W, 7>^r 
e, 6»- y ^0 ca w neo t - !j 

oi. = ^ = -ei(^) l si4 %j£) 4-o.seJ[ 7 -f)s^( : ^) 


t */s : 

X. - 


oMt) si*(%r) 


-4 'Z-o.sM'l 


e>*f.2«2~U 


[&) £-o - <=>- O-toC/-e°) 


<jo* a. to <e 
O' * —0.02S&° 


0*0 

tO = Qjst*J/S 

c*r - £> 02T'uJ/s' 


cu - xfflcesty) - a - Stofjr) cos (*?) 

- i[^r) ~ co * 3.23''0/j ■* 

<X- -4/^W Zj-rOSfaX^f *'»(*-£) 


/ -^1 

Ci>)_tzl£- S>’0.<*o(l-£ ) 

= 0.V£>(/ -O.V?2*)j 0*(X2/)-nO * 

^ * £>./£ e. -1 ^ 

* O./o (0 *77?) 10*6.0‘*Vnojjs ' 

o( * -o,o3S~ e-~ v * 

= -O.OlSCo.W^ <*:-0.0//8)*aJ/s X ' 

[<.) t - oQ .* e.-atoC/'e'^j 

= O.VO o -d) (£) *0.9-/L*cl 


Co-oJOeZ 

& > -o.oJSeT 


Co * O 
c* =0 
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ft- TTT ▼ 










15.7 G/W . PbTon CO/K7S Tt- QFst m 'fonm. 

FfleM f?*Tro S»eeo or 69t>6y*,. 

Fon uN/Fonmr Aecettatuno /oonao^ 

&»*: ( a "> nclfl. 0(. Cb) A/UMI^n *y= firvoLoFer^s 


°** s (jg). -;zz.S7 aoJ/Sj t=Y*m = X«os 

(a.) uJ r Lu a f (At; o- 722^57 -t o < (five) 

<A = - Z.C>/07't*J£ } 0< =■ —3-0/ ft-aJjs *" < 

M G=U> 0 t ~(?Z?.SvX**c>)+J r (-3.O/0->X2W>f 

e> - l?3*/6 -SijTOS « SKPO& nmJ 

a -- )3jbcc>«** •* 


15.8 


"Find: (a) Valu* of A Fon uimt# Cus£*+J/ S \hh&, 

(^r Vaoc//^ \n #£?' C*J-0 % 

U) frNt'Jsa vBLocrrr <s> «JW. 


«x=-^f© 

d& 


(*) 


OJc/o. J=- -i6o6 

o V'Mc 4 ° ,v 

codto s ~J-& Q<J£> J |jk*/| | 

4 oJ/s o a ™ 

A* qs~' ◄ 

^ J'ltijcu a-Jin & </e> J |^.«> , |s : -| y (</•**!)«» j 

8~Jlt o ° 

- ±(+X3'-o) 

6 y =■ - ; 6u* <sv-s<wa; le -S2?^< 


15.9 


6 A«»; <*.- -o.2Su>- vtnet* t-c> U)= 20 ~*f s 

Ft no : (o.) tievo lu-7>o*x aeFott£- uj-e 
(i) "77MF wMfN to so, 

(<.) T/Mf WiMSV LOT 0.0J t*J 0 . 


o<= j ^-o.2Sto; doom -O.ZSJ& 

(fib r ° r » 

Jduo = -o. 2 C\d 6 > j fc— -O.XJT& 

o e,= eo^sd 

<S> = /?.73 rev ◄ 

CD V w 

. of- -o.7X/o i £2a-o.*S a> ; -<* 2.*^ 


«t 

to t 


CO 

<JL> 


«• - O, *.f 2* 


U.* 

»”*!& o 

t : -oTfI^ 10 */-*• *° ^ *0 


7o 






FOB Lome t= V-*e* X> 

■£* oO < 

t<c) Fbn Ojt O.O! Ou a T 0 > 0 \( 2 d) T o. 2 **.c> 

use ec(>): t =) e 't-4* /<*> s^sos) 

£z./3.*2 i 



G/vw . °jnf 7-^ruJ/s 
> 0*S \newio from b. 

FW- 

-tr. ano o- s 


. 2 a * a 
A/S -ZO+9+IZ 


t/7. 

2 . M 

(7 «w" AS 

Q" s llt s &(**-*{+**) 

u>= V%^f7.^*o^i)^jhoi -?j -Mi4) 

OJ = U>*+J/s)l - (?.7 'UtJ/s)^ t (3.A 

. r ^s' -('*("■■)* 

%' M*Ss*ti= ~ g,1 i*3 r S^)x(-^) 

- 72jb3?Mt. 

?e = « *Te/ M +te*(*l* 5^ -- * ^ 

v o+ 


t -s -ft 
6 -i.7 
bi.# 7.2 <D 


-^2i 27.yM 

/i’Jt +(uU~JsyiH&9t*Js i )k < 


CP-tvttN : tv^-2-Sn—d/s 

T> NS VietofP />«aM 


Fnvo : and ts. 



fl8*~ Zo l +?\ !Z. Z 


-43 **_ . 

- — r, ^ -(zoo..) l 

?^ r 

U) - lo„ t 2^f - (7F r*Od) jjgrfa oi - 9^ 
fv-m (f si*d/tc)o —(2'J/lFi V." J/s)oi. 

^3is" X_(?o:-rj „Z4) 

& * -(f+r*(k*)£ 9 (to. t r*J/s')j rmJ/d)-k 
r^s (bi ~z.73+£i-k)y(r*°i) 

= -F**-?*i -(72^)$-(S'**./ s )4 

fc~?*' r e/ S +*;*(b*& 9 )- i^X^/g -#- 


^c= 


£ 


* 


£ 

7 4 


lo.(t -/Y.j>\ 

+ 

£ 

— 2.7 2.1 

-70 

o 

o 1 


D 

-77 -r* 


(toF*'/s% +(&* tM F*)6 ~(*M 
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GlW . fraj/i, 

o^g-o Arto veiocj-ry 
Of £ IS £>0101***00 


G-ioen: ^ w =7yaJ/^ 

2 *6 't'ttuto Fna*n £. 
F"*e: t)" /im, a. 


F>"O' z£ **> Q-j, 

■400 mm 

S/HC& 2jF ,s Po****fHW t 

^/»3 « f - ' W"** 
mm 1 viemeo foam A. 

Rtf* 0.1*40. S* ' AB-O.Sm 

fofgF (P'36*,) i ~(o. 3*r)'& 

~*>J 'fz 

-0.3-8) - o. y-g - o.6'ft 

f^-o.i-%)- 6* v* 46)2 ~( Ir * 


/I a or + 0.1 + 0.1 
fa* ». &■— 
r o= -(o-*~’)l*(oj£*i/i 


150 w V) 


+ far ~)i *t*. *•<)■& ' ' 

£B_^ J-/-o,vc io,»£*°'2**£{-**+*-i+4) 

e* O.i *• 4 

**«•*,.= & ni k)j(~*t ■ h *j+-&) 

if - -(6o+J/ t )L -f (£raJ/r)-} i /3 <F/ S )£ 

L a -$ 

, r = -2 A 3 = -o.isi -/-*i 4(-0.9+2 ,y)-£ 

' ^ - 0.1 our o 

'Wg.*' -<&•*£’ ~(9 [AS'Y/s)'b ^ 

A^JS* FUJI (tO,^Ac/fc/£ *" U yi ^O 
£ d -it 

)+ -A A3 *(993.i)c +(-/.3S*?)-3+(?.ZW)4' 
-A* -1.1 IS 

a c * Ozso"»/&)± + 0-ASa,J s )^ *(9.9o-m/ s )% 


Af D - ~[l.ZmJs)L -0‘t'+ls)'k 

L 6 4 . . 

D+ O 4 > -3 = + ^*-2 

-/.2 -/<<sC 

a- -I8.^s^0i + -*,£$*)) +(*&"/s% 


15.15 | V* <g>>*y/ & Ab ~S-~J[s 

jjf ^AQ m-ZOKoJjs 

a[[ A"0 VecocjTY OS £ 

__ u ,P<XO"\*AtLO, 

JguUmrl R"o : 2^ 0 a*o <*- D . 

I 5/Ae*: _j£ is Dct*"*JAnp, 

J- - "/Iff "n C *«*' 

3,10mm X \UftorO AClCS* ft. 

* /2t^350nin.^J +)(i T 0,9*+O. 3*; AB xftf* 

r (O, *r~;i - (0.3*,)-% 

BR - (o. 

i»«- -H— sr(**i-+H0 ^.* 1 '-«*./* 

£=UAtfd 0n s (Sil* J /sfa8j-*'&•$) - [tffoJjs)) -[3/aj/s)-k 
2 - <fag Sft, 1 L-3CJraJj/Xo,b-\ -O.i-hy (-/A raJl/y{ +(/?raJ/j-Jfy 


7r~Us 

ASraJ/i 


**> a. 


£$ - -(o.y-*,)L +(a.??*)j +(o.z+>)-k 

3^-Fa/fa *1-0.9 i -*O Vj +a.7-&)/a.i • j(-3±1-2-i +4 
CO- U^ B ft tA — lfjro^/s)j(-Ai tlj 1-4) 

co* -(6 roc>ls)L +(& yoJ/s) j +(3 ro^s)-k 

y 8 - •£>> lilt ~- (-6*: +6j ) * l~°-2Z)i 

- )s4 -f-o.vSt; 9jg=(a?f^s)i -i(>^*>£)■$' 

« = c^; ? e ^-(9SraJJi)j[-2i f2jr-8) 

Q ■* — (3o raJfsi*)L *b(30raJ/s 2 )^ /-{/£ rtf M'-H ? 
s» ^2 y f8/^9UJ*(Of *■ rts/A) = & YTny/f 9 107 y s 

- Jo fo if +. -6 6 3 = 3 .76L9 2S -4 

O -0.x o 0 .W O 1.6 +9C+[*.XS4?)i-fS-& 

a. e -(u.7Smf/?)i 9C"-zs~/s?i +(s*,/s 3 )4' 




fp= -(/. Z ~ls)ir+/*)■} -0-7 *£)£ 
p< X fw 3 C it'll to > 1 ^= t* i US* Vp 


0.S4 o -03\ \-t.g -hoc-A¥)\ 

9.»if r 9,21 f (-££> -3./S)t f 3.£-[4 9>8& 

£o s ~& £ *'k>% +C**«/S V Jh’ 9(/0.¥0 a,/s% 





15.19 


°t==V' a e -' ; jchtJ* j» 0 e~ t Jt 

o o 

^“oiol-e^l uj- ^ 0 - e c ) 

• I *0 

a. i =r</.*r* a e~ t ='(p4'»)ilor*y s '}c t *■ <3 

yw *■ fcfyi-e' t )\(o-i/io//-^-*) •&(/-&'*) <3 

Mt*o : a*»£e“= 4~/s'' a^*(/>(/-c^-a 

<£# a / +<J » m * * a a * & -"/s 1 ^k 

Lb)t = 

a- t = i> e~ z f/p.coct) - 3,439 ~/s 
A^-ioO-e * 0,s )**icQ-e,ioisfx 9.769m/$'~ 

<y (3.6 39)%-(9. 76*/ a_^~ 9, ye **/ 2 ^k 

(e) £-oa : —o , .ooi*- 

<x t -££ -o o.„*6o (/- t r )s6a»,/ s m - 

CL t - a/ * o/ = 0+60 OyT 6 1 


15.20 


0<= ^r B ^ COS Pt) : - _/«£ «•*£*£) *« 

6u- « 6 X *!*(%£) | oj= tf„jp sm (^F) 

A 

V r< * * ro t ~)-w(i.t£*,j/or*Us)ots(0)* ZShsS (jj) <1 

«W r» . n£ £ '*%})*. * < 

( a)t=o : °- t **•£c *j W- x’-.f•^*- 
a^-S.to su>(6) - a 

cl^f 2.f r m/s x ^ 

a. t =2.SC*i(*j~ J-zs-cs f x /. 2b-m/s ' 
t <>m = S-ia s'Z(°-$Z)■.£.}(>s,S{ T *9.g?S''»/s'~ 

'-3S\ «1X L CL r- * 4 ,^/ 5 1 ^ 

ft ) t-o-TSS : 

-3S CAi (‘^/^) r XS t«5y = 0 
f.X» S/nC 0 -*#^)*^*>xtm~ -Spots' 


K-ttoCoiCpt/r) UiHEoe 

7v Aft 0(0 - Jo r«o 

9T t s O J 6 J .-0 

F/nd : |w,ev 

(a) <f- * 0 , 

: t*o.s$. 

(c) t-0.7S~S. 


<sy * ;— ?7r 'i*/ m w 3ioS r: - mu xio ?m *¥s 
(36S.tr e»n)( 

V* r^j *(?3x/o i -»,i)f<£ig°£*)(i9?./ixio 

iT~ 97j 770 -ft/s 'ITt <U, ?oo ml/^ 

OZ - rto X = (73 *iO i Xi~*4 c 'Xl99.//XU? rmd/s) 1 
_ <3- - /?. ViW f% * 


15.18 


£o±ven: r- -»)-»? 

« - O.J raJ /[ 1 (ct^Smrrr) 

fir t = o, ll> 0 - o 

Fihq \ O-q hue* 

(b) t=3S j 

(«; t=V7. 


15.16 I Gl\Wt : Jmith r?c-m7ES X7T.rsJim.ni in 

X3 h S6-~> . RADIUS OF £AK7Tt » >«.' 

' t V/vp ■• VLLocny- n/ro AccELovo-non oF Ftxnr *r 
(*)£<oi>AToa j (b)fyioi, LAV/uie 90 ° ( c ) Noam foci 
» -- 

G -nTJ 2rh Stm * ?3.92Zh 

R-(3rio^,i/90. ?//10*-ft 

r* cjp P»7r» 1 /? 

lOL)t&OA70t£: 6 0 T> Toot X 4>-es 

tr-nuTT ftfc* o)^ - (20.9/yiJ-Pt/faXSlS "0 rnjjs) 

a- - ra?- ^c«i < 5 )oi-CtA<ti sioftXX n 

<3- - o.////? «/t* 

(b)PwiAOtLMi*', L6 r'7bif t <£ t yo‘ 

iTorto --R(coi Oo‘)ujz( 20 . f,xia*A)Crt>s to“K 77 . 92 S/ 1 S \oJ/s) 

, , -tT- /tbs ft/s 

« - r<w • U (cos 90)V -(Z0.9lrFa)ices.6U ; )(7X.927*/o i foJ/// 

<*-- O.OUS2ft/j' 1 ^ 

fe ~) hozru RsU : l a t/tuoU- ct -<o 


r~ R go s o - Cj 


■XT = cl = o 


g/l/jyV .' rr •»!•>> 

0< - O^e f wW?« 0< o */iJ CoJ/s 
f\T t"*o, CO 00 , 


Rno : a. s lo HEN 
(c/) t ' o. 

Cb) t=O.SS. 

(<) t • oO. 


IOZSaXMA 


15.17 


<j-/wy ; <a»<o - jsF. xv- dak REt 

Radius of 00*17of&A nm = ? 3 xie>‘-*. 1 . 
Frno: For the EAnTA, V flrVO a.. 


UHifo&itlL'r ACC &-en.A~lfiy frloT/oc y 

CO m to, + & t ■* Of-nt± to s Jt 

<z t = roc a^sirw* s r«V’ 

^=« (t V<‘= r a o< 2 4- r*«<^ = ^(/y- 
<3^ rctfr+ot 2 ?*/*- 

r* 0 ,3m t <**0.3 rmJ/s 1 , 4 , /t 

«J- (.O^y.O.l/l-Flo.lft*) o 0.06 (itOMi*) 

&T- Ocioi/s* ^ 
a.r 0.0937**/s' ^ 
<Xf 0.399 'mis ' 1 ^ 


(a.) t=o : «^= o.o6(i-+X) 
lb) i-2s : Of OtOi/t+ 0X79X2*) * 
0 , 06 ?/ 70 . 09 * 9 * 


246 







5.24 ^ 

25 mm (&? gfpoVtr ft*;** 

/S fvT <7*^ U) 9 S i*7*/?. 

Co. - ,?■**> ry>«? = HSl. 3 shoJ/j r=-O.OiS'»> 

-IT.- (&.02S-~.)Usi.3 Y*l/s)’, 1 V c -£.7B<m/s ^ 

a = ru?-(o.o*Sm.)(2S/.3 ‘vJ/s) ; a.=iS7j'>i>J^ ^ 


irs-r*4 

/£>•&* (A* Jto ; LO¬ 
CO - 7^‘<**uJ/ s 5 
J'A./S ** 

£< = 7, 1 i 


w = ^} o-ZS/.i t*J/ s +■ <x(/oey } 0 {--?S.i3 

ipw ^ - %-; 

co=t*,i-<*tJ tu = 2S/.3 **J/s -{?£-.a ro^X^S^Z-CjJ *fs 
fa^r (OxOtS-mYZ3./3 nf^-■0.t,?gm,/s 

*■ r&=(e>.oiT~,;i-Zf./J «^/s'); l<\ )*' ° 

( a c)n' ’'*£* r^JAf-j (* c )s cf.79-^' 

l % l ^ 

r/« C/ )„ 5 / o~CZ6^')X>s.79*//) <2^? /S .80 */s” 


•*• <V /*.yX'S**J£) 
a^, - 37.£oJs'-\ 


IF M> SlJfP/o& OCO/HSj 

F>nv :M uj rt 

lb)(\CCeilHM7/OrtS 
^ Of ft?/r 7 X /* 
Cc*r*cr. 


(l2o mJs') -(6<*) V ^/4*</r^ 

4**='^ <*=±'2, 2^='' 


ve-ncmiJ 


Gr/veo : . 

o< --/7<3/a^cV 
WW £*0, U7rO 


- 3e> vWJ' /=b/2 ao SL/rpiHf 

f*AJ = (Wto/a* r+J/f) 

COq ~ /;? rP*J/s 

Win. -0? ^ 


VW«v 


(b) Rccbl k’p T/oNj l 


/Str»Jk 


Nv --' C4> = <x2 ~(/20r*Jjs' > )[6Sc') - 6& *»ijs 

q. m ~ c~to* =■ (o,ots-*>)({>a *zoi/s) 
<^-10 ~,/s r ~* 

a-S ' - V- «« 2 - * + *>’ - JO.cSv/s x ◄ 

> -g * : CO=o<t = (/20> r*J/s,%2s)» ;W f4^/f 

43^» roi 1 ® {a.oiS~-**Xz9a r« Jkf 

, , , 2 <3 -». r /«‘*o Vf' 

*>0*4^ *3+/+*=* <2 ~y*4^V/ x 


- A">Jv ,„J S - 77 f/^r* 

£-*'-fa&&')£■ 

(Z¥^Xja r a JJ s ) -' Z/ib Lk 1 -- ISO f*#S 

a B - 0&* ajtfi 
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15.26 and 15.27 




&//£N: /'OHCTAHt vreaerry cf t Afa- 

F>*0> (a) «\m, VBicx^ry of &*/* u> g 

(b) OF POINTS S/IFFT AM) 

t?/Ni \vH/CH flKt /*/ C&'/7T i IC7'. 

pBos. IS.2k : in 7h>ms of u) lli r 0 r 3> ^c r 9 . 

PBp 8. /S.Z7 : w*e» (m„ - zsr a j^ r,*j2-m+,, 

rj- JO -»»-»*, q HO YjF IfG '*»'W 
!\LSb F/no ACCtl. OF flS/MZ ON OO TSlOFOF B. 




(a) ft Point of contac t' 
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£o d = ^.<37 n%J/s^ 

(6) ° ut l CQ ~ ^0Q t»>ys> •* (3.0Z rtjjs) Zs 

AJ &a * a.AS!raJjs^) 


r , , . Z<1>V S/AtfS 

1%--A.?63~4- v c _ ^ Vj 

r/MOb.ls 0 ' S//r 20 °~ stny/.a t* 
Jx*7*«* T^J = £.57 Ws 1 ^ 

1 4/s %'s --- **»-* 

- J.J22 

- 7o.5 


»-s4- -^T-* 
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? oo r/nn T 9¥.Z*8 »>Vs 2 

(A 

-min ¥&& 


'fp' (.70et.fr V',,*- V & tarf} 

8*130 * £—***? 

-^ oj R =?.JTr*J/s) 

r <tOI*./f ±reo 

-i 'S a = ‘tfpcelf 

Mo - 4. ToaiUg, COS X£S7 

Mj ' = 6.67 raJ/t^ 




DFs a -'*-- =o./6/i~, 
c*>tp 

=(p. /6/4~) *>/,[■ 


CjIUSHi 




'8f\s ~ 




<r * (db)^ 

<01 = 


(COH7-/*/usn) 


258 













yv«» 


y g » 

a (o, |f***»K ■*'*>//•) 

•jT =■ 3,i-?£S-»Ji i»- W-* 


OflSJf 

l£ 


*;* 63 -'*° Sm£S- J. 

nr *. ^099^ 
o 

(q.6Vo3'»)uj* v.09?'»r/s 


V r*J/s ~2 


i = •# ^ -w/r 


^_ 1 

a 

r 

!W1 mm 

. 100 m 

Vv 320 m 

V 

m 

-—■>— 
2 _ 


/^ = 7.«W, 

n/^- fa. <j 7 +^7,r^)* 

-if 3-l)(?.S6*)tol 7M1 


>V^-= ?. 2 <)?«./! 

Alw OI : S/NCS 


- ^ a 

S/« 74^1 ? 

7.Si^l,_ 7g*~b . e.-^o, c" 
St*& 7Ai*7* 

<jT * 7-3° mj, \ &°‘S 
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f - /OOl'n.fa 


ME false 8 gg/V 


T/T. » ^ Ha ~/2oi*/f 
P/S 

,2£ “"’k 

f^BOt ■* 4? ~2 


15.68 and 15.69 


J 

L 

r& 

—1 




£fl/? c£: 


1 (\ P Z?^» °J*-/c»sp aO.Va, 

° I +•<)( i£y*<l/r) 


&t«* 1 

S *«»a : ^nr 


~p~ b^/s/-34^* 


-ir: 


BA» PSD 
F ^ 


/ 7/Zyl 

-vT* -' o./ .a*-*' 

S - tan -^tj - /A *3 


30= o.3-xr/ecSf3 » 0.3/<S « 

fi ^ lo.3*rf 8/ * S ¥*>'p=t.O&H*> (') 


kineM/nrcj 


j^y B * vvs 

90 -»—car, l 




z^»w o<» £/s*es 


3 &n 3*? S/n 3i-tl* Sin/ea.U 
Q*3i.tf WAVJ* T£ = 'St'M/s -a 

^ (o,3n)u, Fac . 3.7*r-~t 
fpeo - '2 roal/s 1 ) 

] ~ Jp ~ ^3 + - t &3 

[MH^-hl^nAs] 

jV/»l]= f 3 ' & ' r */s -*■] •“fso /\ wf ] 

3^r/f g/Z//7~ 7 72rt*4l* ~ 

' of = *•<*/* 

/^=^F)tU m F tan >6.93 * 

tf F * 10.86 a*Jj | 


y= ta. V 3 


1/ = ILW^ls 

of r/s = C8F)ut w ; //. 3B->~r/ s ^ (jif) [l2~ J/i 

GF - Q. 9K&7'* 

fCO): Qfr/.otvi; ira?uo«i^ 


, ^ = i/oonji) ± -fo ny 6 =£&i* Js —+■ 

Problem /£~.i f \r = /sn)tu.^^= ioff(n)*jto i/J 

^^=== >% ' *** liVf 

*-***»_,, . 


-<r "'O „ > 

] +|yTOHF i*./syf> j 


-©•> —J 


#irr 


fa).n*-eon<* 


yjM; ,7 °-' a mi ° 

"* = 5Z.3* 

1j / m(vo\6o')''‘’’ z 7Z-H Unt 
„r - /, "TVA 
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15.71 CONTINUED 


Gr/Vf* ! 


F>«*t MeLoartrr 
Po/"7K 

&,c. *,<■« e 


i.£ i-v o f c/A/es 


&/V£fvf 

fp:W*m/s 

FW- 

-f a **0 

W#0Y 

(a) 

(V p = 770 c 


G-wr- 

•f D -*90D**k • 

V~S*M> Ufa 
WMs* 

Ip) 0 =o 
U>)p-9o a 


O *Z 2 !*‘ X /). 2 S&) 

m CO &>*n* 5 

f A = % > *'fVD 

i -IT; ?06 -t-J&C * !*&■£.-m-*/s — 


IVHeet- 






oC - I*t6/, f ■**+ Js 


Va~!‘ 


(CC>/17J*U£V^) 


( CWT>*ueo) 
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15.72 CONTINUED 




15.74 


/*/*> ■' 

fa) wsx cm. of &mw 


15.73 


(oJ •c/s-hlan -rnmncif i' 

_ -»;-tG> 

~ CD ~ <LE -CD 

gor: ce-c-os gft 


(a.) UtKt *Tp aho jfe 
*zf p»n*uet> 7*f 
iMcr.crn. c is 

LocAret f\T inTsn- 
C6C7r&* o A fite net 
UhC JOI/tmt EHO ftoxtr 
OF 'Cp ^nO 'llt 


•■Ip _ . ZV‘*/s . CQe 6 ft 

CD Cfi-CD * C£> 3 ft } 

fi,C-o AD- CD » 7 ft -4 ft -* / f*- 

/NIT. cm. ts I ft TO R./4H7 OF F 

r,) 0^ -1 To 


ZtoiJS . 


<lT.= VM.JS f 


yr c • ^ » 7SZ> n*r*K f 
\ (sl) /HS7. C.78. 10C+7ED O* U»£ Vo8 

* T\ * T r - v^ ; 

f -v *- frrtJk 1 




(*>) oT a -(ce)u 

* ?S*> n***/i 4 ^ 

<V ~(.dc)io 

U - (50 *.*> +SO—X )£Y»i/J 

m /JSO -N.-N/S 

7T b =. /, 9SZ>n*/s f* ^ 


♦[i tso~*p.ts>»4) I ] 
= [*>«.-*. Wi~—y[s4?.\-~~ ] 


RoQ 4B • G&csMG-rri'f 


106 /—A 3^37-0* 


di « ^v<*‘ 


/ 90*n» 


cfie/S. U‘ 


IC/NCHo-ncs 


+ - *%•&*** 

<}P-+’7M‘\ Cfa 

ry 32 a ^ ^ /o ' va -? 

f <tJd 

^B/a sin X.U' **r> 37fi>- &n?/.3V 

/Bo- 37.S-?/.1<S=T6.U' 'Ifo*/09O 

TTgaiOfOn,^ -*- 

flL = ( =S93 .Vim* A 

to^- f.Jln+J/ryM 


f=/m 

(a) Jmjt ere. afi 

(ij ANB <]£ 


<Syi€v .‘ t 

60 = /SraJ/i J 


Gr/en: ~ /oo ■>«•/> ^ 


/~/no: 

(<l)Ia/st, ere. of Qar*n# 
It) 'ip 
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Giue/i : 

<ir« i3 in, h 4 

-fi 

y' e - ?' •■/£ t 

F/hd ; 

(o.)/nsz era, of PfTPT/o* 

(» 


0/18US~ 30 thm, 
CJU7E/1 gfttWj * 60 

pino\ (pC) /Far. era. of ac.r*r/oM 


(O') S/HCf if# Amo MB 

Pnr/Aus/. ( 7 /*/ r/v%r. 
ent, c ti tocA7*v 
47 IH7EaS££7IOH o F 
ftp AM UHf Jo/M/M 
EM PtlHTSOF aLafo 04 


(a)since- xi s a~o -f v a& pa/iaucUj /mst, era. is 6ocA7eo Af 

TAB irronsecTieFi oF fU> Amo l/n£~ JO/M/M6 &vp Pc/* 7 ! oF ^g * ^0 

-££_» ? c f a> j 31 ,r QC+C 6 - 
/6a ico Ho *200 J 

^2?; &c* &>'*’** ! fICF &C-4S -r/07**i-2Cr».*i-/O f 

160 360 * ’ 

mi 7 . err?. C n /oTo nxjtToF f\ ^ 

cu^Jh- = HfFXSfs 00 *// roJfr*) 

Gc. 40‘>"'to “ 

AJ^(pc)a/z(lo aa)(h T- ^ 

(c) 007fp pt/itey 

p/*cf aT d fMO ifji, c*>ao ts UAwan/pio at Pat* (ifA+iiMi. 

xT^q-Fo /- 200 -- j z‘ t O'*'* oMFoAmet/f 

//men Polit y cropa/S ummoap/t q iv QAipty-ljJ/j 

■Tfe-lfn*/io-tt* 120***/}i Hoi"fAPPe»J s 


'VjF'lTf 


/NST- C7T7. / s O. S'Fit 7t>tFF7 or* £} 

- ; Jig's 


SlHcE rlffi pNO nf c 
4 at parallel rut 
/AST. 07fl. o*~ Bonn** 
IS AT 7»t ///7£P - 
S'&CTJcr* o* 8P- AM 
7»t urrp Jo//AM 6 7TU 
£//e fo/m 75 - of 
/if. A MO aT^, 


&IVPH: ///MBA PUUFy - JO*» 
Cjutw pouer •= <«-»■• 

P/po: (a)///sT. cTa. or QomT/oF/ 

M’lUleeu'*'^ 

(<■)/ FM67* OF Cano z/AAPreo on 
vNvtiAPpee pen £*fmo om g-ac// Puluft 


tO .\ AH6UAP '/(■ioci'7 r r 'j/ J - (fu)cv 

UJ- tZitJjc ^ 

( b> ur/tfi OA //0 TTfc-'ti'g*(&l)*> 

Vq* to.Zo*)(/2 fJ/s) 


15.78 


400 mn*/' 

E 

/ 
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v a~ v t- i ‘ 14 '^ 


15.81 


Since »f»M ecus ujimeur Suerne, 
\ /A»w cm. on noTHTUN is *7 £, 

" ) I ^ aJ (BC-)u, 

„ J ) ! ^>-3raJ^) ^ 

(to (Ac)u. 

*rtSX&*4Ht lif *£-».&-+ 

Ip) Snvee D/tuti SPINS 

ON Cone pho cote is LNocne on pguM 
Hr Qmf (lUp-Vf)* (ts~ieJt)-faA,/j) =■ J/nJc 

Corso tNoo~o Pen secoNQ * 9»w. "4 


Given - < &g = 6"%/s -**- 

fat'o: fa.)** 

u >%i 

(<) COHO \NOO*a O'l 
UNv'ouNvee pen sfeanp 


15.82 CONTINUED #> 0 eJ? ! 

, r _ . _ L/ngs 2 -rs 

lT a r 3 »/s B 

- -—- - ->-y - *N° &£■ 

*OCA7& /n&T.eTg.C 

O.ZS-* 1 {«) 

jjf ft - A a,w " ^ =(ec)ajaj> 

ti \ ~ V^c|l 

‘£*(C*)Ul t ,= (o.3J£mXU'*4b)* 3.90 in/s 
o%* 3.9o-*/s Att.Ci tJT» 3 9o~/s 


<\f= 2, trek t 


B Fife o ' 

yvN£tc 

<S- IS MIOPOIN? 


jC ; &fMC£ DRV- f?oU.S UI7HOUT SlrO*t, 

f \ of /urK e7 *‘ OF Ro ’ mVo " ,( * r ®. 

—r-(- 4 —A. ) L-* W f^Cao/us 

S'*. \ \m I J J Sl*./t x (TmJu,; OJ*3’*4fcJ^ 

\ArTly l*> 'Oft'*** " 

-*- • * ' - 

i«/a^ T^e 5>«.^ —» ^ 

('*)*'*££ pf f —- ANp iS^—Tj COHO N-a-.tr 
To IpfT ANO PQt** y 0 7 +sb /2/i*^ crc >go tS 

O*vroo *0 r&>M oa UM /Y 7 Qfi-re (9+t)T/S*Kts 

C<*gq U"wouhq pc* - Jr4Tm i 


(A) Ytnotlc 


& if "*ppo/»r 
£>G So 


g°° A& ‘ I rjVcoriSr.jp / 


1 ‘a = 3 r*/( 


Pop of- 


( Cen-nnueo) 


Qesp as: 


f<DD a pi 


“MS *<V 

^ j r g *(o.t‘».)wpB'~ 


0.3- C | 


Vepn Lines ±70 if no -}T 0 Tc. 

Locate inst cttt. q f ^ar/TTcsN C, 


a.) V 0 =(eo)u, BO 

7.‘N~J s -'(o.l~.)K> e/> 




nJ a^(BL)n Bj) e/p. tf-X* ~ J/jr ■) 


y a * /nJ/s 


FceOy. ir g e/p.7„jiu^ 

1-,/s * ( 0 . 2 *,) Wfig Ofna ” s r«J/t) 


» & er ZZ.S 

C6 = ° l3< *' - O, 3Zf —I 

Cerp 


^(ct/toko = (o. 12i'+X 4> reJJs) e/. 36o 
y 6 = /.3oo-,/s\f27A* o£*I.3oi>-*/ s 
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tg/Vf// 


& y p r f 

loc*7£ /nsr.cra. «n mrptSboTnr 

OP jjnes t>£A *JH J 7b 

y „ 0 

;aw S 'M% ; 0 J to> 3 ' i,r J 


W/f IOCA7E /»f7, cr<t. c By PO/**nNi i/Ntf J_ 

/fl^ */»>g ywoo7Y 

.- /'sc; to 

Vo/../, /*9,)tO 

tv= 2 , 07 £p = 3.0S ral/s 2 

(b) \4fL OC/7V of Z? : 

/» A^0£ - Y * /0; c *'££ 7 *<”•**>* 

0^ - (ea/to « (ES oY/».X3.o?9-'aJ l iJ-g-x 3 <Z.J S 
2To~ S3.3I-./3 y U.r- 7J (? * -4 


5.6 " 

^ —► « 

/ £/ veioa-rr of a ; 

=-*■•■ a. Vo.-' 22™S*MZ‘ 


e %k> t**/; 

Wfe 


LOCA7S /*sr. ere. nr 
)N7ZesfCT)erJ OP b/rre-J 
OBAv-T -L 7b- pr-o fPg 
lay ftN&VLAA \!ct.oCj7 Y 
ifg ~(&o)bo 
/•i~ft/i t (3.719(1) to 
Ufr 0.9661 

r to* 0,967 rnJ/s*) 


!?oe> nog : Lotnnemsr. c-ra, c 
AT inrentecT/o* of t-//y£s 
uTo-m* pQAY+j J. nr D 

to -) ftn6Qi9tt vetoa-TT to„ a0 


y/jr/-»o*=6. WW 


US? 


UfLOCJTY Op o : 

£F- (3= t*~-‘^21*£T).z m 
CO = — ■‘ r/7 =• 2#B2 ft 

Sf*7 (£ 

n^ D ~ (CP)to -(7.Y&* ft)(o.Ybb~> rc.J/s) - 3.99 tys 

<ir D = zw ryts?y M 


Ir & *(e*yto'J 
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15.88 and 15.89 


veavf ** eimnjicn 
Fon.(& cu t (i)nr B . ? 


15.90 CONTINUED 

a 


^ jg V r 

^ V r C£* OF' it 

" r "’ "^ L # fiU*S* f ? 5f^ ~Xv cersoo-i 

■- fsSo, J*o. 6 »., 15 --^ 

_ Sms: Pit. (W I _ ^X , 

^ 2 MZU££? —-“X^a a,„i 

Locate ihst:C 7 B. 47 - wo-** I r. 

ifo-f-(’*?-•$ imensec-rioN of uffs " 37 °* v H Hf= B 

P&m* ±70 nr* 4~0 /hst.ctr, c is toe-»»o FT innofEcrio'v 

XvX^ lTa "— -- ■ ^ .- 


ARM A gg ; 

, *»•«*) l" 

7 = Uo tomZ2.lt’ = i(,7 mm, 

ce*oF-a.z-™~ 

CF* SOO-dS.lt =V33,3r-t 


6 a»pr 


_ <U _ $b 




15 , (5.//.73 V 

37 °* v * df= * vm.. 

f/M/I 


/< lA* of stives 

X 

lie _ ic _ ^ 

S/ *f sb *-^-«3 sA^-af snip 

»c. _ gc _ 7 

cos(^-e) case s/*p 

BC - jS ™. 6 -. 

* s ">(3 


(a) f)H£i>i >w vnocrrr: m.-(Ae)co = X 7 £3£l®l.t) o> 

- j//**? 

flj - ^ &*<* ^ 

Cas{$ -<S>) 

ft) Yfiocrpr o* B * 

8 IT ct^(^~&)\ 

~ or Cas ** 

8 *■ Co£(p -<9j 

PfoeifM /f,6? ‘ am a Tfo^mat^ iff 3 %■ 

U 11 S/n (3 _ 3n/s Fl/iSo” 

. -f £otSffi-Od O.imn CosCSo'- Zo°) 

FJ- Y.YZ3 ”Jjs AJ= *YZ raJ/s) ^ 

l 'tfg * ■?* ZJt&Z or £ 'if(3 T 3tZ& 1m/s 

15.90 'X? 7 


Given : 

nJ~ a = 9 oo '•m+./i f —i. 


A L/ntS PfftWM J. to y B fif>0 1T 0 
(a.'i 4N6UL.An VlfFOCITV : 

«djr lec)*^ • 40O'm*/ S ’z[37o~,--<U.7im+l^Fgp 

^40o s * 

(l ) VtCOClTY OF A t 

Vf (A e) ui^ - (W.M/ » 6 "T?~,~A- 

-lf a - &91im^s )f//y ?F iT) '""*Ss A? e -i * 


15.91 I 

T .t~T ^**-10 


90 mm j 
160 mm 


300 mm F*HQ : 

I C*)fr 

—L /i3 „ 




CRflHH os X Ir r -- 77. <<7 

3001 m*, 1^ ^ P/T- r 37Simim 


/ZSrnrm ! 


f\ 


* t r^ior)^ 

TT 0 = (3ZS-~~>)f/'2r*J/ir) 

y~ 0 z 3 ^o^/s<£zzT 
^(.EF)t».3- m* HI 




yt, > ^ -gk- = &.tz 


CQHFK PF~ e 


1 ~ iXX '(i c 

„L ’ ° V^y 

J_^--^>X y 

I0o>.m 33QOmmm | P ' 

’/VST. cm. C IS LOCFTEO AT /NTenSecTJOO 
OF UHFS CMVW X 76 If Ana 

( oC\ rf/VSilLAtt Velocity : 

rVTp- (CO) UiftQQ ; 3?0Om*'/ f s('?*.* '**) aj A»O 

“'40O-Z.ZS -- { /s ; a^Aio-"’J/r*) < 

(b) \jFL 0 cr 7 y o/~ : 

£\F — PF- =r - ^/. - H~33. 

f\C* lce))coS (i - {’t 33. 3mmm,)Jcos /!■ 7iY z- V/YZ.Cmmim 
ir A -(ac) iu n6a r ( w;, **«--)!' z. zf cmJt) • ^»*»// 

9ft ,/)/// 7^ >*/sr 7" 7<f. 
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15.92 



Gj/vE#- 

to i*-js t 


F \ P/ND'. fa.) dp 

tin' ' (b) Tip 



>r = !Sii 

£>e 9 tg 


(0 


INST. CTt). C IS 
locum ft ime*- 
S&cth>n OF L/n£S 

jl 

76 Ufa Arm ?D 


CO- AO J ton IS" - 77.237 in. 

Hu A PS M i 

SM* (Pt) sin /s‘r C/S in.) Sm /S* s 3. ZZ7 2 in. 

pm* (oei cas is‘-J/S~m.) cos>t" = Jh. t&? in. 
//v 4 cen t 

HC= CD - OF =■ 77 387m- «■ 7.B18 in. 

(is W'-^- =■ iW' = 36.79° 

I EH 3.3323 m. 




if. 


HA 


s Sin. | 


4 */n& 9J'« 


xyy 
£ Au 


3r*J/s 


ev 


GfOMtT'i Y 

/h A SM 

tin ^2 sin So' 
£ in. 8 >n. 

&”(**?*”** 

&*pn0.l‘r*S 

knllCKEToS" 


/H A FOt: PS =(Bf)OXfl* (&in.)£off>, - £.08 3 in . 

/H d 8CE 1 Be s ~[&&+E6]t*y 

^ (3 m.* 6.0&S.n)ton(3 =■ 7,7S9in' 

EC = (af)/e*s(l • (j'i’.+Soetin.)//M 0 *■ //.F*/tS/h. 
FS */ 4B)cos 3 o-(/o in)C oS To*s 8.11° in 
Fc. = fr +&£. =• a, 610 in.H7.7S9 in. « /6.H/fin. 


fen (FMi/eosfi • (3- 9i 21 in)/<xsp, - 9.399 in. 

(-.8to.) CU = (*<)Jcn /S‘- 3. OOO in. Ok . 

SCs /C)g =• 9 in. 

H/vioimi velocity 

nr D n(oo)CH Aae 

JO/W.Js =(>7.3*7 in..)w^ J 6U Wt =r °.6-7Sy r *4r 

(o') VELoccry of jp : 

■e e = (£c)u> mc _n {8. fHHin.yo.S7EJ mJ/s) = ?.7? in.Is 
<lTf- 3. 79 m./s kH 36. 7 * ^ 

(&) VELOCITY OF F : 

T b - (& c ) 0 'nt ie F( 9/n,yo. £7EJ t *J/{) = S'./76 in. Js 

Pah)I nr F * -y-TTg* if(*M m.k)^ S.iZin. Jp 

f p = e.il in./s A. 7s' ^ 


A A *K : X* = i»- ZwOrn. ~ u - * 

flC- P°~ <=■ Jhyn ,m : /7./6iin. 

cos r 

0(1* DE : oi^- (Of)UJ pe* (& in.)(jrnJj) 

y D *- 7?infs ^ p 

MEHQm fBp : 771f /.vrx or8. C ts loc/f7b> 

AT H/TlFZCFCT'OV OF l/Htt DilkAF! J. >\g AHO nf D . 
CP-FC-ED= ii, 9T6 1 ”, -sin. * 3.996m. 
la) flHiULAR VELOCJTr ‘Or to : 

V D -(o D ) 0 'R iD 

IT in./S T (3.496 in) k>RQo X 

^(So-- £. °et rnJ/s U/^ M 

fb ) veioctrr OF A : 

nf A -- (AC) to M0 - 0 7-i* i in.)(6. *** roj/e) 

y A 7 /Df.Vm.Js 

'JfJ l&V.Vin.JstyV » >094in.ft \fJ69" 


iy A * IOT.H ih.JsfTS.I* ^ 
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15.94 


15.95 



/w*» 




f* ' oV V 3< 

o-iz^ls 


/ OCATlf 7X0 /AJ75*~7/*'««M{ 

<c /TVj/z Bop /ts **n 

30 » G x Ftn KM &K. 


\ IP 

\ I 
wl ° 


/S*SC&£T A A eg ! 

Ac. • &C* (p-l ^JcoS 3a° ' O. //SY7*V 
/sosce^SS A &c 'q 

BP - t> £?* Oi 2 •»> 

8t'= zC/iO)ocS io‘*2/o,l*)ces 3° - G, 396?*, 
X) Pop Ag l 

•t r A *(*c.)*img 

a. /*» ~/ s *(o. HS77-*,) Oj M 


JOfigt /.o39**4bJ) 


nfg* ('scj% J 

&HC6- AC «• <?£, T '>'* 


Tf s « o. tZnw/c df 


Boo BP '. 


'V^-C 6 c')tu ai> 
a.> 2 ~*h » £»• 3**™.) iO Bj) 

Uj ko t °’ 3WV Y *Jk 

Al~- 0.3V6yaJ^ 
-Bo 

k) \'BuaCi7y O* 0 >: 

'Vp* Coo')xi B g 

■a (0.7 rn)(o,3H* r*Jfr) 
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£*/» t*jg <*- 


1 * * 



*(X *y 

«« 

-t 


~(F> 



Ir i $ 

o a.TViSJ -0.0 77 

2i.lL fM* +9.7/6 


:r(-LOcL^-7B7.1S^ t )i + (-io l / s + (wA^*-60*^% 

+ (33.33 +0.363)4 +1.7? 7* + /L.66-% 


%~( / ‘ 3 * M *k)t + ^ W+Jl)* 
r e/a = (a 32 o-~)L + (o.i^yik 

—Q- - Lc*! — (£~ratP&)c 

(a) \JiL0Ci7r OF £ >: S'L. /(cj2U -to.l-fi) 

)T d i = ~ (o. 6 —is) ^ 

*■- - o.y^‘ -UZ+/LL i-o.ixei-h. 

f p = ().3Y2«rJs)+ -l°"f~/s)i *-(O.L7/~>/*)%. 

(b) f\CC< 2 Lt-tl +7rt>rJ a* £>.- . =0 ,' -A. - 0 

-:- Q/r 

V^‘4 + ^“4 

* o+ - >4"Z x - - Ip. .T 09 ) t 1 ) -k 

** = *-fl> 4 a/ ^t2(jt4)x(I. 3 +!Li FO.iX*i)*-(i,V«,/i')^ 

‘^- D - O-D' t - p /3 + -*- 
~~ 2.3*1 *0 -6.7)3 

a^* -(L .v*,/s x )j - (2 S*,/c)£ 


J_vt±/- Lx>7 2> r*4ls 


Coex, OP L.: -33^,7- -<oo( 3 -287.7^0/^ to 

Co£F. Qp 3 ; A~ >• 737 =60 0/^ - 60 <x 4 (a) 

roi.fr, cf : ' -/L. 16 *787,7f« y + 60 c <2 (3> 


CoeF. OF 3 ; <* - !• 737 = 6oe(. 


Ot IS )hDFTFFF+h/IH 7'. ■CSSVmtP 

^< 2 . /: - 33,6? ■ 0-297 7C* t : =r a//?/ 

-16.66 = 26V.7C*} 60 ; oL k =-&an? 

0/T-(o.oS7? roJjc)l t(o.H7) r*c/&)-& 

£G>. 7’- a*- 6~>T> - o.ost?\- iofo.mi) 

a?-/.7T7 -a fTV -2^ 


Oy - fell *-fs X )-) 


_ 


/ct) • 


(S’/-. /f/» 


r •< /f( -(9-1 

p */' 3y “77- 


1!^^= (3°I*/:) l - C/4 i»J { ) -i 

JV„ - *-/T '»■){ 

_Q- - *<7,^ *~(s mJ/s)L 

^CoCl-nALOBD^ 







15.221 continued 


<ei ocity' 


fc‘ = -^ v r yfC**ifrU +(l'\ty]=-/M'n.k)A 

ic'-fa* ifc/?* ~(p>*fc)i+(3c>i~Js)l -(U*Kk){ 

- Ol•(,/&r»J s y% -4^ 
fiiccFieKAWo* ; a^^ao ; ^n- = ^ 

• . 

« c , = + = _ru y + .a. * 7c 1 

£<;• = ° +(-3 raj/ s )l y(*/Ai«J s ) 4 r ~(*fa 

*-<* z -Q-*</$:= ■?/- /[{W/Ji ] 

£^ c »’ (.96ti./s’)-k 

9c~ fV +P-C/P + Qk. 

- -(as WS)1 *-o-t(96 **/?)-& 

a c * - (i& w is') j +/’&!»/s *M ^ 

( b~) -tt»2 y. - /c ' *». (coi-ifto. C li w yi PtA~t) 
VELOCITY: Ftor i /fcffT = fe>' lijfe /*/s) j 

<r e y^liS’iM.)L j y^,•» jv * * -si * ni- - o 

ir=-T^ ( -^-2^, f so+t^. j (So '/nJs)/ -(/& i»/s)^ 

f\CC£-CEn* TtQN ' a c /^7 = 3 J _A- = C> 

£*c' r A- ”u;, * ®*c. ; ?c. =o 

<3^ It t»rn£ a s /A PAr/y a .' 5,e r (96 >«■/{*)■& 

g c ~ a- c i+a c/9 . + a^a+c>ta^ a c = (Hiia/r 9 ) 4 


15.222 continued ^ =£> 


^K/y~ V ^3o°« ’ ^ 5o ‘‘'*=- /SO /mJs ’"i, 2e* 

+('*'•/&)$ 

9A' ' -f^-Vo + -ax-fiv_r^ *■ Jl< 

O^.-a-P/e r *Jj s )t. x fry ^» - {/?7 w ./ f ^ 

&/,-* 2(er^ls)U 

«•*» (9/f,->/»/$')* 

r -0?2/~./t')i -07f- 9 /m[ s x )L 1 (l?l”/s% +(*$- 7 */*) # 
c* A >• ~(>2?-9>m/s')l -[m iK./i)^ +(9V/*//)& 


15.223 


* fc.ir-4/r 



aj ( - S^J/s 

&-,-£• 

U - SOM./s 
U - ^ 
0-t7eT 

*A F’/p'O i (a.)-if A 

\» c 


.Sfc' %»/ * 


M ' .ty t> =\L+(3*.)i 

• % ~tee>i"-/r)j£iSe' 

1. — y» --] " ^/y-V/JT7^ a{ 2£. 78 I^)j 

-/l* 

^i =_ay - (2V/*-U)-% 

(a.~\ \j£LO£j7Y : rfa =0^,-1-^/) jp- * si/-Xl-l*-} 

- Osi a/s) 4 +• (26. o iA./s)~2 +(J*i*/i)A ^ 

[CofirnHUtrO) 


Jnojj 1/A ' 7 =-^/Vr;N J< >° 

^^ j V Tiiq/y--(t£~ , A-/&)p- *(2S> 

-*y m 6 m (s ra-J /s) L 

&>• -cy*r n/A * &ix(%„£.+?3)=-{7*‘-/t )# 

{/x)JI&LOCI 7Y: l/ fi -bQifl. ^v_ 

=- 7^-^ —/r/ •»'W 

^ ~ ('S’'* Js)6 b(Zt,.C> injt)^ -t-(yX in/s/& 

(j, ) AccPLt&ATiQ" • -A. =o 

A /r - 

a-i/pX - (/*}.? '»/s x )i -C?S 

a a ,^ -O-yr^-A-x-n.*^ --P-Kf*/<>■*- 

a„\ s O b(& ro.c!/s)iX(?Z i'a / s )-£ * ~(S76 /"k*)^ 

<PL r ^Z-t/ 7{ifi K»J/r)i x [-{/r/*./i)£ -* 

[9/S7i*.ls X )4 

V *?/>/*■* s« 

=• - if7t.u>/s)i ' (/ 2 ?,^ '/a/s')L-(-)S in./?)l +(WS'?t*r/s , ')4 
<?A *>-029.9m./t)C -(6S/m.Js')i *(9/6 i*./s')%^ 
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15.224 and 15.225 


(S> Cij , - .? >■« 

A>, * V <W/f 

- O 

Ft~o : (*. l 

?c 

-- F/a,q; (a ; iTp 


JXf c j o '‘(/8tn)(cos70 L -Si* 

8 _/V /;:::n \c> 

* X B y^ - r % ? 5*+t?;«.£) 

vyC**". Pr2o82t~M t£-2 27 

-/l* &• -(?r+J/i) -j ' -A.ro 1 - - - -— 

r y - r % | - A* v [//*■ f'V’-Ji- -(*• ,a '”) i] 
3^-” (ous* >Ws)j *‘(2*Wi»Jt)i 
y c ,-S- *“£&- (3 r*->&) J * [(/A.*»V£ -(*‘W Vj] 

l£-j£,+ ?V~“ - te-?* -$ +£7.6-£&i tJfitesi 
f c =(?9.6 "> Js)i ->-U2?»^)j - 

(9r*J/f)$i x\(i 7. ^ •( 

a -^/fT-(2->o.i i».)s')p 1-(?8SO">/s')^ 

i * ^ ^ * O f (3 ra *Uf’)'} * (~ 50. 79 l*Js)*& 

-(lS3.tm/s *)i 

P<. * ^ ’‘S’c/Sr = z(?rcjj s )i*fyufsU/J} ♦/?v.i»r*,/s)t] 

a c »-('*z?r '*■}?)-h 

0. c - «<.. * 4*/f *■&/* 

= ~-\J*2.Z,- n /s')L ~(*7M m/s*)i H9& r&fc y - Owti*h) £ 
£i c » -(‘tZ2<'"./s')i-+( 9B - r ‘ h /s')■$-( , +>e/•/*')'& 
p/ZoBtet'/ /&722V yeiotrrv: 

jFtf/j-’&t *fek m **[<*»+ **) *■ <P 2 >'P*. 

wvi ^ v- fj?* * *r 

Z£..--rt-y r p/a r _/% ** [ 15 ^+ r?//>,>$ ] 

. -£-*^ + (.3 raj/ s )i *(?/'•■)■% * 'f. l +(7~>"/s)i: 
^ts&f r>7 Vt//*L POP. tQ, i-'^oi^ r'Uio'JS 
ijJ- D ,r (27 *~Js)l -(£°<'>*- >»/*) 4 

^ 'fo>+¥ojg:- z?t~&>•?*-& * n&tei + 2f.6*U 

<TS n = ( s >.6 M-Js)i ’"/ih - (&• 7" , /s)$ ^ 


(Cc>*T/vu*o) 


15.225 continued 


IrfPci-f. A - fiyi jiia 


^"JSyjr 

fcyy- -/;?.•».«AjiV/ ^.sr/»/4 ')i 

^07irt SfAsc£ s “^c/p 

Qp* ~ ~{y * [p/o ^ dpi 

= 0 + (2 '*J/e)i >[ 71 So,rri*Js)A\ i 

~i£Hi*/s'j'h - (/S2. 2 i*/s)L 

Q/C ~ ZJX * ^/y BbT I'vff ±-«0*». r^r t^y^. • 

7/W.' c&rzfOL**: a c* GL&eAT/tyst o^ port po/^r D 
AS &■*£ t^&*K POf*r C. 




P&-9-V' ^P-p/r^-p- 


- - s/ -4 - /s7.z c - no.a!r + 9 &S 1 -/+?.?£■% 

Pd* ~-f^3iM/s%+(9Afn.lP')$ - (xF)L.H)Jk 


15.226 


Sgfa m a./3S-m 3 -(?n>j/s)-^ 

l/eio^ry j 

lS^t= -Ax ( g/A - (f r» Jjs) ■&* fa '•f-’VJ * -YtXJS° n /s)‘r 
*f&J A = (l* f«J/i)i X fo. 

•VqZ -(/. 7JSf/t)l +(/'i?'*i/f)-k 

f\ CC H PUS17) a<v : 

<St„ ~ -fl_ * -SL- * = -£ L - *^a' 

- & - ~ «* ,• /■> ' 

— f‘fraJjs)9) x(-/.2tSnk)k- = -(M3S^/s j-i 

< ff^t. *f&/ A ~ SPz* 

~(/2 ra. 4t)ix(/'6X-*rJs)-h - 

^ c = 2JLvy 4/jr rzC'} to■>):)* x(ut~ih)#> - <3 

f* s * *s' 

< -(/C. US'*is*)i -0't.*V'm/s')i 


OJ t = 7 r*jjs 
lv^J2r~//{ 


}~//*o : r F 

9-c, 








6WFH : <*>* JrtJk 

oi, - -HCr+Jjs' 

12 raj/? 

n<Z* -60 r*J/s 


< rp M *(? n ' l b)-k*'0.0?‘»f)$ =• C> 
£M*X fjy A - C/2 y <0.0?*'4 

tTo^d' + Vo/t 

nV^-O-os 


-ji = »j, r x, 4 *-(‘tsrr*J/s*)'h 

CUgj. 0J 7 C - (/7mJ/ls) L o'jfe * -(t&r*J!s X ) 2 

JftVi, ” (o.l3S-+)i +(0.01*,)^ 

V£ioci7y: 

X - (9r-aj/jAt[(o.JSS~)i t (O.O?*, J-$ 

^,e - (/.2/r~/t)£ 

-V' - 0 *r*Jk)i t(o,ol«r)A] 

2^.^ ( f.£2*6)4 

?C*&' + *c/ r 

r \J,~ —(/.VS */s)o — *{/• M'X/ls)& ^ 




-P-X&M +■*■ *21 + -sy* y c > 

—(>tS~ir*J/i)-h *^<X/3S*.)-j 2 f 6 . 01*04 ] 

t(9roJ/r)4l x (-/. Z/S*rJj){ 
■ + (6.0->F«nJs v )L - (10.99 ■*& x ) 1 


jo z *r c/fi f ?W*V$4, * wUfy+totifb,. 

(~Ao r*J/s*)o -t(OiOf *,) St J 

4-(l2raJ/s)c / [(U 2*./{)■% -0.O6*,/t)-j 1 


-(19. ~(2l.oi ~(s')4 

2 (jr«->h)*.t\(UZ~m -(!**"&{ J 

- (/9. Wo*/s') l 


& = (9n>J/r)£ 

iFLocirr i TJ C , --A-<r Cfl =• )&xtyjsc*,) j *(t.* 9 ~) 4 ] 

> s - (('MS<*/s)l 

^Cj?' f/t i (cj n * 02'oJ/s)i V ^O-O* ^.J^] 

fix' (/.X2**/t)A -(/.oe *•/{)•£ 

fc-fez+i/fr: fc= -0.»8mfs)jH(62mJ{)% ^ 

t*RAT/C* : 9 

0 - c - 0 -xyx^-n.x^f.. = (7roJJt)4>((-/.Ms\/ s li= -(/o.9s*k) j 

Qcjy= (Vt 7 dtiXfe/fi - <2>z * i/o/fr- 

Ocjyr* Ol~JJs)Ll\uu* -/qe ? ]«■ -(nw*J s x )j-(/Z?i^/ ( ')A 


r. a e/r -/* 

nth •)<.'- (Vo, 9Y^/s% 
-(/9.6V~,/s')$ -(il.ot,*, 


■/s'M It 


-(Kfi«k')i-fr-Ws)* 




^ ^-2(9 r*>Js)4 1 1(/. V/'W.dj ] 

- (/9.9‘t*,/ s ' , )i- 

< ?C T “Jc' ^S c /j: Q/C 

~ -Oo,fs-*/ s )i -Ow~/s')l -/fZ.Km/s’)k rOi<w*.jr)L 
_ Q-<i = (n-9v**//)( -/>.?.#WrDft 
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G/ufn- *“/ * 3 r»Jls 

60 , = v? /■«<//*'*' 


U = 3t io/j 
h 7 -asifis 


F-!»t>: j£ ^/v» <3 C 



sJSs 

(a.) x =■ S~/n. 
(*) 7 n/SJ». 

Wter. 


15.231 »| 



^~mfv Iaj, t vu t Jl 
C 

a/ t - »o z -h 

Ft*p i A<9/2 £3/5*, 

” G»> 

**; £?* 


« JU. 

Q •»• ~ q ^//». JC. * 

£ 1 

^ 1# .V-^" 

^c/y- u. (3Vu,./s) -- - CjonJs)l-(U mjs)l 

“c/ r = 4 p*-- t-s *»0 +(«>»Jt')i 

_a= U),i~(3 raJ/f){, ; -Or = *oi- =(~tZ*’*J/s')i’ 

r */A* (sin.)i*-^ / fi ''’Ji 

\)BLoarr : 

? c r-a )k *i% r ”-H] *'06 rn.k) 4 

j£*2£*Sj#r- -(/6/m/s)4 f (3o‘m.k)i 

ftf c = (30inJs)i -{/&/*./*)] -fti inJs,)h 

ftCC£~<-ZrriSl 'T/CJ'' Z &c/gr t S**F /ftfoV^F 

^•t 9 -A- * f C//9 ~i /l- ''■A 9 ^ 

* \f-Ta.)L *(%'•)■>]+(? Vin/i )# 

&■ c >~-(6*>«./£*)■& - (ifi'*-/sV-& 

9-cr **xJ + £*eyy f 2<- 

= ~(ivi-/s‘)Jh-(9Wn./s')i -(?£'*/*%+(+ ( 9 6 J *& T r$ 

0-C *• -tew/s 'it - (8"’/s’)i t(32tysi-£ ^ 
[t>) y. = i3~/o . (coi-cnn c is /n * a paa**):. o 

\letOCJ7Y - ifc/p ~ AS IN PfifCT a. AtieNfi 

''$*'?£/ 4 y-Z’ 3o"Js)i -(Vt*/sh^ 

A CCeOTAfi 7 /an : 

•^C/p - S F!UA * f >* P firZ ~ A fitio'*' 

<X c ,-0} S/NOS cocistn S/fS ON fit's 0 * Ro7A7xn 

AjC. ~ 2M- SA*a£ AS In Pfin-7 « 

£*<ff x ■*?C/jr^f/e- 

= <s> - ('7‘ri*,/s')t 't fr 0/ *Ss')-3 *-{96 /~Js') -ft 

7S/»>/s')i ’’TV */s')il+M u >.U')-& 


R 3 


Moy/fi/6- /-nfinf- fllyt 
\>Sv\ &0TA7G* 6/1W- 

,, ftN6U.Nl \J(H.OCi7Y 

*>o**/ r mA *yi+"*4 


\jfX) 7*7*1 ANfituAn veiNjry OF P/sk Ai 

t°= ' UA W/ r r ♦■•'f3 r< v§ ^ 

Pf-Herr Qy X> po’^y po contact of a&K 
Con S/Ofn ctSF & • 

?o~ *** i (*"> 

cove/ctn s rr^7fM 0C ) Ofi And 0/SN.fi, 

- -o-* r nn s ^/d *c- r i -**)* - £uj <y 

- -y*^-h -truo A i 

ifjp- 2 Tq> ■ t fo/ r --eu/,i - r*^4 +e* % j -yyu/ x i. 6) 

fiCMBTf tT d = v 0 a/xon, ec/.z an? ca. 3 
-/2u>^l sr 

Coeftof ■£ : o ■* nu/y —a 
Coer -op i 1 - /£•«*/.= - ♦ r */ 4 ; ££^2 3 'pi UJ r w '^) 

PCnV- a> = tv,-i+ ^rito, -«v) 4 ^ 

/i>) P/SR fi ROTfiTBS ft£euT ftfii AT ftfiTF aj, 

C<= *>■/ / jy* 4//2 >'|a',3 +■ ^ 
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Ff?AM£ OtYZ IS F/xef). Moc/a* pe/)Mif O-xyi UotA7ms 

Atiimnn \/ei.uet7Y -Ti^- tx>,L = ff r*.7/{j£ 

Sjy a - (3t*.)cot 3*“L -f / 3/nJt/f 3«*-j 
- (7. sy#'»,)i 4 (/. f/wj-j * 
f?nn/y m A^j-4 « 

y r p/? x H'p.su/f? * r% ■ (•* *[*■ *■« i y/s-j] 

¥,/,? (»>»* 'WsH - (‘""A)i 

<ff,, » -0~ *f no - xl^.tfei +* s l]i 

oy- (T.Sm.tfl 

KCHcaATto* : (X^z-O.-/ ={Si^J^Y(?X»^)ik * -#ZT/»Jc*) j 

f'fe/jVj-' ] 

-(ty.Si9 l*/s’)b - CxYt*./s')i 

24.4 r / )<-*[(«. 392 -(l 

« A - (/61.92>'*■/*')* 

<5L,' a^, + a^_+ a c . -vxrt»f-^3 +103.92 ii 

OLp* -(V* l»/s')L - CL>-Si»J3% 4 •*/**) 4 ^ 


C*YZ IS Pineo 

SAOV/Hi FKAhtf By.y\ !?07H7tFS \H/7it As/CvOtn. 

\jetoa7Y _n.- =(SraJJs.yh ACoor 2 Axl r 

Q?OHH- &>,-& t- Cu a -3 

^Siix x -p-^ifcua «“ **■’/'& <(*' 1 '* •-OOfai- 

^OiskT ~C s raJ kX Hr * Jk ) t 

$ - - (20 raJjr') i ^ 


Giv&j : 

aj, = Sr*J/ Sj X,-*' 

» Yr«Jjs / rf'io 
(S- Jo* 

Fihq: O-p 


Gwen t CD = Z. * i(,in, 
&■* 30* 

02, *Hr*Jls 
to m 3 r*Jlx 

Fine : tfp 4 x 0 a p 


* frt » * 

-Q-’’*'.4 £ J / 

1 ^2^' {?*”**£ 

y F‘*~ £ 8Xr? u Fbim. 

t pO/ en*M* c * 3 * 

t / I yV^""" \ » 207975 AtOoT Y 4**s 

„ €>\\ // A _ 

2 V/' M7* 

j> z/ Jiy 4 “ - Ll,n6 i +0***-k)4 

rp/c - —Lsixiat i -9 t-ccso-k 
Velocity : -j£ ( = _/W jf p/j - ^ 

Sirt**(*r*-Vi 

'’SpfjT *>**fojc* A>*P*C-X* : * 6 i 9-eoaSP%) 

V 0 /y^ S^O-Jk - Lto^ootO-S 

t£? D ‘ ■'■?&? 

yfc-. t-n,(cose-l)i -Lio^cxas-i <] 

fic< oc*r?/rr>o« : a. p ,-xju *-$ D , =to,{*, (case - {)i 
cx 0 , ~-Lu>*(ce*»-i)4. 

a^-. tv t * 'V D / F ~ tOgiK^AtS/rOg-etit-**? ] 

a 0Jr * 

a ^ r 2JL *tr D/y = 1 ui 3 § - eto,oxaj) 

<A^*-2L*>,i0 x si»o i 

- -t^toso-Dk 1 j 

' D " ' <u 

£»7&; 6 /* v "/ wJ/ir, <Wt- 3 roJlr 

M(i)(ctSjS-i)L - H(i)cxi30*j - Uls)S/*to‘-% 

1T 0 . (l3'*MJs)£-fa2i*/r)i ~(VH"J*)* ^ 

fl 0 « ~Z(lS){ii4)t'"3oL4 

t-l-limfy'ijo-id -u/3)tas3o‘) 


Of -[I91m.)s')i +b* - (9!B'IKIs^A 


&nbh: 

COi-SrxJJs. 
to t = t/ y*Jk, c( t *o 
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15.235 and 15.236 


Pffogtf** l£.22li 


&'*>; V A'-ic A. 


it 


G/ue*s: 

aj, =o.7SroXs, °<r a 
u> x » o. tv W/r, eljj-o 

Zo ft 
4-/.S'ft/s 

£t KO 

F/hq: nfg fif-v a. s 


Fz/tnf FxYh >s Puts 
M avw s*kamf B * je 
BornTSiAiseor- Y/)yiS 
M7* -SL- /irW/fJj 
0 -> 2 ~ (Sro-J/i )A 


PQoZit™ IS. 21 S ': For pp'^7 C 

r CM z(m~~)i-j} f £Ja - (/to■*>•»)u 

yei pc/ r r: 

Fc'^^b y /c/o - (3nJi)jS(/yy( - Aoj _)=■ - (SBCfrnls) -4 
'Fc/fr” ‘P* *fa a - tf *’<••<4)4 l/tlvi) = * U°° *o/s) j 

.c -c /6C0***/r)l-(fS&mnk)^ "^d 

f\Ce-e< uk-at /o'/ 

O-f*■Q-t.'iJ^i «■ (3’»JJs)^x(-S6i —o/s}^ m -(/•VS~Jl*)( 
9-c/ r = f^ 2 x T/e/r* (froili) 4y(i «>*ViJ i - -(l° a ~k x )i‘ 

F< • 2-&■*2(3r»Jts)^g[&ao»r>~fyi= O 

- -0- KC ■+/?)/. - (3.00 -/r'J t 

<2.^* -^V. 7i ~&')L ^ 

PPOB^fM lf,73i : Fon P 0 /A 7 J> 
VftfVKrnmX-CxtSmm)} f 

VELOCITY 

Tp ~ -4- y W X *> -***£) - ~(Z2t t*>/c) % 

h>fc* 0* *fua - O' reJjs)4 *■ C-lXfj) * rj t 

Vt -pc. 1 +Vc/y 

VP (6 OOo**,/s)t, ~(22f~~/s) <6 ^d 
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YD 
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1.963 

13.090 

*30.000 

30.000 

173.205 

2.618 

10.472 

60.000 

25.264 

201.087 

2.885 

5.790 

90.000 

23.578 

229.129 

2.618 

0.000 

120.000 

25.264 

251.087 

1.649 

-5.790 

150.000 

30.000 

259.808 
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-10.472 

180.000 

36.870 
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-1.963 

-13.090 

210.000 

44.427 

221.837 

-3.531 

-12.699 

240.000 

50.643 

183.539 

-3.863 

-8.257 

270.000 

53.130 
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-0.000 

300.000 

50.643 

133.539 
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8.257 

330.000 

44.427 

135.234 

0.913 

12.699 

360.000 

36.870 
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1.963 
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29.980 

259.807 
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150.000 
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259.808 
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150.100 

30.020 

259.807 
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vD 


311.400 

48.592 

132.288 

-0.001 
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48.590 

132.288 
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311.420 

48.588 

132.288 

0.001 
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1 .850 
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v0 

a0 

deg 
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»/»‘2 

0 

0.00 

39.27 

0 

0.000 

905 

10 

3.73 

38.75 

-618 

1.495 

881 

20 

7.37 

37.21 

-1239 

2.913 

813 

30 

10.81 

34.62 

-1864 

4.180 

702 

40 

13.95 

31.00 

-2485 

5.234 

557 

50 

16.59 

26.35 

-3081 

6.024 

388 

50 

18.95 

20.75 

-3618 
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70 

20.53 
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theta 
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alpha 
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0.150 
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169.42 

50.53 

169.15 

19.52 

25 

0.230 

0.228 

141 .16 

83.25 

163.90 

30.53 

30 

0.321 

0.368 

116.71 

111.35 

160.59 

43.90 

35 

0.423 

0.511 

62.95 

138.80 

181.52 

69.10 
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0.531 

0.673 

43.41 

182.78 

168.47 

75.07 

45 

0.843 
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-1.83 

181.83 
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-89.42 
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0.754 
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-75.22 
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0.964 

1 .074 

-154.04 

192.88 
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-32.19 

75 
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124.19 

309.49 

-23.66 

80 

1 .247 
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-311.20 

86.61 

323.03 

-15.65 
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1 .278 
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-328.44 

44.48 

331.44 

-7.71 

90 

1.288 

0.000 

-334.29 

0.00 
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80.000 1.073695 

80.100 1.073682 
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30 + *f)o- -Z-f^^ZO- 

&0+3*Y)-i r-f-jmA As . 2^: «, ^ 

3 

^ i) Cyil^OfK -T/>/»'SlA7fS : o(.=Ci 

S~s/o/we or cons at ft: A* s -yM 
fissv**- SL/OWC /MffiwX AT St S^--y P 


«9"» 

e*~p 


_^ r= * ( * _^ 

/r |W«>»9 N. pcasGf-n^pTO 

3o ri>7 j — j A^fo< I t2case> -ny^A/ (/) 

\xJ V y T\zP d tZCPsJor' 

fj t P~-^*P IPs/mG zAJ-*h3 (*) 

p/v/ot (z) er//)> ia*&f -■-' m ‘ 3 • o.sup = /y — 

O r «A 

O.IISS-N* N-'in^ : l\Jz >-1306 -~9 

O, D* TO 

+~)ZM 0 ~ 'Z(M c )ffir •" ny^A/F - Zsp 

(0.h)(X/ 366'*<3)v' - X'*' ^ ^ 




4 } r^, - X(Pi„) 4 rs Pr - yPr - A*«Sj r 

/y—pj r - ->»<i x- 


p* ,— 

M 

>-r 


P-nyAS * -wn cL 

(s) 

N-nyP~->rt^ =<3 

U> 


SoLV* (f) FOB // /tw SoasFTUTt FoK AS /*n>U). 
P - Pny* ~nyT*$ trnmo. 

Sis8ST/n>7f Foe P from (/a): 

' >r '°- (/—^, *J _ nyono - T*tG- 
/—V _ 

^ 0 *"*) ~-*( 3 ~ a - 

a,-y- *yy * o 


oif 3Sf.J+3 ^/s* 

H=-3V.7 rt'Sjc 1 '), 


^OmmaOY’. 

T ^ ^ T 

PoLL/n/t 


//3-r J ' 


.2-4 

g ^t3L j : 

PC, 7ft T/n/C F”9 SUO/Hi 

/■* 3-y 



<3. > 3 • 

TVPASSLATXgSI 








16.156 %-xowfh 



DIST/rncS IF 
CYCltST IS A'OT To <ZF 
7-AAOult/ O'vir'Z F*oc*,- 
UjHstrC 


W/»/4v CYCL/S7 'S FH3<*i>7 -to ze 7»*)w« a vet 
7*e «ov 7 t A/ a = Ct 

IVi -»»3 I 




t'o-- 0 


T(^\JetT t ^3 !'’•') - '»'> O-C^OieJ 

ZS „ _ Ti 


“ = w 3’ U( 3 *- 2fi M) ^ zan 


\)AITO/V*lY Acte‘E r 2 fi 7ft, MQ T/QAj! 


TT 0 = ZCi~ r b = n, 335 Ws^ 

or ■- ■J^** 2a - s • O -fs 9.333 fVs') r *('»■ 93 /!■')* 


j£TeZ<\SS!T ft 


S^ZO.iCt 


16.157 



<3 IVEN I (3'7<0 _ t2ot> 

r?Fie*sep rno*» oast 

Ta‘C7r&" 'S gumae*?- 
To f>f>eve*>n SLj&rvi fiT A 
Ftt*0 \ (a) 0 
(»"*, (<>& 


WF /VO7FIZO0 ecrr/f72rS AUouT /), 



cf ap* 


(rt 




G*** 


/J •e'tfiS. F‘i,p 

7* 

Ffa * f - ^3 •*■"’(3 <-osp ( sr) 

(COFlTlH <JC-o) 


16.157 continued 


4tr^«r^V* A^—»»3*-'*»*^s/3 

Afar- S>rt %(i — ^aas^p) (.3") 

Tft>K (3 = 70*' # 

A' £*£).’ O'' j ^ */ o< r 0 . 3 -/J f- J 
A'„*o, 3 (i-1ca/x>‘); S/4*o.J/Z~ r 3 t 
Z'cj i " ,7o ‘ C9>i S%=0.ZWm 3 -— 


16.158 



|3 - 70. v/v/rc>fcf+ 
Zoo Rec ensEO Ano** rest. 

Pher 'O'* A 7 ^URAACF 

e auhs itrRO. 

F't'o : (a) ff, <3-, 

fcj (ZEACT/ow AT A . 


ir^r^W- 





cHP 


*74’* ^’V*w 

-«// q 3 * jjtx caff 


sn* 3 —A - 

- n <r r 

= C*S(0 

/f) 

$IM £ - TLyi £ ) t g-< 



fl(£&xp) * Z« 



a* 

<x 


M 6 

cos p 


glJ}S7>7t>7t (Z)/W7o(0- 




"*nU 0< 

^S'-Z 


*c«p *~k« cos e 

e^lr^'P+l^Tp)* 

r?N + ir ? > 

q4/^ +')o< 

3 n **<* . w 

£f~ A. (./* 3col*pJ 


-*L* 


4/^9 <? 


ivH 1 


- i- ,«„,. 

22A *' -««*. ft 9 S I I * 

- 6 ^ 'O j*3ns'p)c*sf ^3 /■ESou’fi * 

fO'? f3-7o ' : 


, , . <r<93 . 

^ <^ = z- TfTw 7 ** y 


casjp 


(ij a. - 33 ,+ Zoos 1 * s* ’ 

- 1 -— ; 

/+3coS % 76‘ 


<x*-/.nf *.} 

3L.*o.zio 3 | 


▲ ▲▲ 




16.159 



A_*l2_ 


I MH&T - 200 lb 
mS- 

FoG 77PPimC . 

Id ip fiecoT P /MPfM>/Wl 
_ 1?£ao7>oh /$ fir fi 


m. 





A g#a as f to 
ftKWB?w«<OT/ 

••A 

I jMMe&Amr 
L "• U AFrt se \v/ge 

f*7 Z/s cor. 

£6/6° ■ (*)?b , Cb)a, 3, 


Co-Ci 
&C* a A 


fl^-zootbro ; ft^ = ?oo/bt 

S .i.,OM*C. 0.3 S(too)= 70/6-*. 

—-- = ?0 lb e 

9o'b ~70!b = ■ ~' k a. 

5 T i^i 3 -' A '3=°.i(3'J &=3:zr ^ 

-rfoV' {?»'*)/> -(too/*)( 

90 h -tfU? - ~ | %?- (*-*'fVs')0-f ft) 

90 b ~nu7*30 ; 90 h* 27U 7 

h = f-Hi fi hs Z9.6 

For 77PPj/v 4 /.**P£~oi*t* aqou r ff t ntficricto i< nr q 


2oolb 



Is 

“* 

& 


%>/£» 


/i a 

h 

w /3 

A 0 


S^JOO/i 



8-y- &• 3F(2 oo) - ?oii 

l 

■2- Tf^ - rfg^' SP^tr as ASo/f: A*3.22 % «- 

+ }™a~ ■ (9ot)+(zoc>u>Xnr$ m *"*■(£ <*) 

90 6+/9/.S 7- <*/;*■)(/.£(£> 

foh + I9/.67 * 30 
9oh= -76/67 

it < a //bPoes/aiF 

~77U>1 QAtottr FOR A/Q 7~/ Pplbij If 

h < - %%£ s* ^ 


* 


C--t* ft 

« « i 


ft \ 'tf 



&?%"» -a 


L a lV 

&■ "«*)(■ <Pa~ L*-*- a X)\ 

kltoJrT/£S: Fol>h 7£fi \»jr/<s*T m-MASS OF BA* AS 

HTFu*T(fu)«r> 


■ HTF^Td%-) eir : 

-Lw ] . 4*- r -~t« c - y' ma A 

HI 1_J f»9-T***»* 

7» 


kiMf-r/cs Bar ft<3 


*W,, 9 r r 

’ Ml* ” 

+ir^«r^w» "7 "t^« r a. 

■*>3-i~>(y*A)-»"(bt e '- a *) 

^3-3 v ‘ a a r ' L *'- a ’ < *a 3^2 a rt» z - 9< 

33-3o A sb <x 

IWfGS.(z)ltoc( 3 ): 9 3“ 22.01 <* - 


3 i-3o a =b« 


o< 

o - ^ ^ 

(s) 



rj/ 

M 

^-F34 


^5 r §3^ 

M 
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16.161 


16.162 


G/uryl 

' yv A3'' m Ac - 1 ” w 3 ^3 

&YS7&M /?FtSAseo 
Friers titrrr 

F/*jq i (a) a s 
(i) A 


Cfyy» of /twy X 


Tp^- B i m * [■**/ m n lsr *-f ] 

* <^f=- +(*Jh)teMm) % ] 

J • 2 [&01 $y% 0.067i"'-^a'> ] 
. r ^ _ 

'To.xjrtt™ j = ai'^r •»» 


£KT 


O.tflt'* 


A3«tf »** O.ZSfS •»• 2 = 0.i'^5""* 

KINe-r/cs 

%s r ^4aJji^ /? e £*(**)•< 

A ** 0 -*™* 

i ” I<* rr 

& T /^L 

o.2j.yf* MS,* 

i«* + (~*-)la.7Sia -T.) 
/s:z?r m (o, y/j~-#3 ■*/)«' 4 /4 4 9 )(o.zsra») V 
/r. z» « 0.120 « 

CT ■ 0.2^1(21.11)- S'-S/6 •.Jz' 

±lF y *o: /J„=o 

• A-tbJhyw+js’)*--u-&))£ 

$ 3 - sa.ai = - U-HtiXsis* -m/s*) 

fl s - - - XX// /?., « zr. »> 


S/»cv A v *°, 


A - Zf.6 A f 


4’ Q a fat**) of 

■*(O.L*.)(2/.2Yt+J/ s -) 


G/vbh ' 

ffapi Of 

R/HFASrO F/itM Oesr 
F/fq\ (o)a £ , (j,) 8 


Pod a%.- (iv=o) 


'”‘Sn-' m 2*, 


^j(4~) - 'i-? c i<* +'* ,a - /v (’p 
■s - *4 

' 3 ' n -t***B 

%OD CO t (CO-a) 

- I */l I To 


f[ fP 



'wa = '+i £■ oC, 
Co Z Cj 


+ytM 0 : T.(F>o)e# : J 

™d(i)+&(()' Ho *' TH °-ci>* 

FtMT/filr BY 2i 

'7* 3 4 ■*■ Q-P - y f»'P & CD 

ftpo (0 a/“ 0 (*)t / -* 3 ^ = il^»y J^eo) 

9 3 

Mucnriy GY 3: 5" jf 


\OnpmATiC$\ 

VF^z 

o' ’ C = 
-AS 


lA<f MUST 


ftp (?alf)~(^8‘b 

' ***8' ^ ^CP 


SVisrwe ran ert^ /•£<>« *v/s ^ 


,1 9 . 

TV?? j 


l V"/ 


(a . 1 Accp/eoiiTKM <00 c ’ 

Oc-Jota-Sfa**)! ^ L8 ^ 

(b) FO'^CB <V/ kNC& 8- 
€o/izr>7v/ir fo/z *<CD Fr2cy* (6) "*ro ( 2 ) 

Ft 3 4 + Gt = | W Y/. «1) 

5 - ^ 3 - '»3 

S>. 2 f 
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16.163 



G>/ve* y ; st>ut\ae p/An 
of £'OP /S° ■>*-** 
A'O <m*9.S-ky if 
Gf/rAsno P'/om PHf 

F/n/y (a) V 


16.163 continued 




Jf -^r 4 




K/7 /cS f 


f\&- ±Y5 = L 


4* £ 


PlM£ /VjftTTgvy r 7^ 








p ai 1 ?«- 

«si= «„*- - / -* < V*>‘ 


77?/\p/£l/>-?*>*/ y/t ryo*/ 

~ L (/, S'** 3tf" 




L*cesSe’ 


+Jr/%« F (M*)nr • <rra t (o.l83L)c ia + (*.&Xo,X<,~eeL.) 

O./03-», 3 i s 4- i»,(b.X S&S iv/o. ?S/PS/) 

0./B3JL - g-PO.O,Ufa) 

0./S3 J- = 0.3336* ; o<= o,?S3* i. 


<r aw»’ 


<3- - <a«—. +- ct a/ ^ 

0. =i«S,*3°-e- * ^/r' z?O.CL*~- -to. 7071* •>* !£• 

_ _ ^ o/r copiAiny 

- ^4 - ^ j 1 ”4.' " \ 

C= ^4 i r- _ * “**' *H* - 2a * A «/*, <** /f ' 

F'm(o.fCet)*s(0.?07Ji*) X 
'*°*Sot - 2(p. CL *)(0, 707/ *) CoS Kf * 

a. 7 clI/Xo. *r+ A r- O. <S8J^ 

**'- I't'Xo.OUf? ) ; OL - 0.7S88Z Lot 

/AMV op smer 

=-SsM_j S^gT^pio/fe fl -»W ^/r* 

stoic- sop J r a- o./sifL* 

« 

Sir, (is 0,707 j gs/Ji 

r tl*a.2r»! LM \ 9f‘ 

klH&T/CS t'Suco) 

l*V F/-HO Ttof Loco7ion oP (Ao/toP F \npenp Unes 

of Acy/os* op /9 /*/v« /$ tmeeeecr. 


H6a n 


c — ooo sinks' 

- -*n(o.3St* L*)gill YS* 

■ - —t(o. 3 l)(o. ypiM^cio ts 
A~o» 3 » c,/13‘t~ 7 

fl 3 «5=A4s&f*. 4+j/* 9/ -»/5rV - 2 1,0/to 

A*?/.otot ^ 


Givih : Saume hats 

OP doe /m!COoo*m 

Act0 7T)r 3.SIJ 

Receoseo tpuco emr. 



Fmq ‘. (a) °t 
U) A 


S/totCF eo7H A Oao on J toei 
*f\ eg \ I /pp-natL, o-oo ppio a. is,L 

*>'\P 

If 

■ MtjTPCt i 

t ^ v 5 ^ ' a a// ,-M*^LS‘ 

s \A V 3 -+ * <?^— + ■=« ts* 

*• S"> /f* 

^LsSj* c3^,_, a m ^.-£ 3 . tes/ot "*Z. >f‘ 


L.PA6 = /S* 



WNFT/cS 


i-i-pL* 


11 


r;\ = 


i°l \ 

6 /J^ 


a LJ, l&Gl* ( a *)*'" K ^ sv>, , /f *i)r (46) ei* /S°~ i * I--m a. (flf) cm IS 

- ^ S' O.I < i'$L ,‘. . . _ . * / / 1 A 


CfglzO.ir/iL -o.fi = o.mi. 

(S 


££T$.rilL)[,3.7C>.?S86l 


(Copr/tooeo) 


*T ' y 

n*, 3 [ Sto tgPff- ^-eeLCL + mi(o.t83 Let)( ^.Je/nts 
* d.033W^ 

- a 9.ZI—/S 1 

O.tSzt. no.Zoa2* j A-°-VY3 2-~°- 9 * 3 o.is~ 

ot^ST* reP/s'^ 

/fl -*»J= «;-- -o*(&.tS3Llo. 91 * 3 7) 

A -on$ s-a. /cn*t 3 • ft - 0.<t32L 

a *qnu(j.s-SknXtaimjs 1 ) ■, to.i ^ 
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6.C2 



Glvf/y i lA' = £~/4 
Rorj pg RE LEAS Ft) 
rno/w /2 &tT. 

(a) FoK /yo SL/M’/s/E 

F7 A } F/fvQ 

/MM&c»*r*.Y a* re* aeiefisc 
Foe. fg r o 70 &E° Pt/aS 
S~“ /Mree/rrewrS'. 

(*) pou ^/ s - O.i'o t 
F/f'o g/ma? of values of p, 
For? t*/o*r»- gap vv/ii SL/e 
//v Meet A rei V AF7F/- O LFfcC, 



Given- /*f-SJi 3 

*fn- LS”*h -*~ 

f=/e/t>: 

/VOUmal Hf L nous A 7 
ft i*"» 8 c on &tOtoSo‘ 
USi/vf s" wcne r'je^TV. 

VALUE’ OF (S’ AT vahch 
Ewq 3 tosin Contact 

V-H7* vtALl 


We /vo Tie 7/yvrr /Pod t?c-7Arex *&>u7 A*/) re//? 

fFFAgfojpfTfly AFTsK Ee/eAre a>*o. 



- T-( M «)e/r : T»s (£ Fo&fiJ * I<* *■ wi (yj 

j- arr^i cospF 7 ^ -arL 'o' +■ /m(£"*) J 
- j- urrL 

Ct - | • j-«*f f •) 

X ^'v ~Z(R*.)*E : r^--ora S/~f3 

/*■<• -V> Jr a/ sin fi * an ~ ^If ~ ■ F'ufl 

/="■= ^ -at^ E/ap <rot fi fa) 
•+ f * Zlfi^e #•' N—ntysmta. caffi 

F-m tf-cA easp * «! xlrr Cof ( s ) c,,s P 
/V = /-my (/- $cos°p) M 

<5o7 l//'£ of PrjoeMw: 




//vsta/ft erg, a 7 c. 


Vfioqty - 

y* -«— 

ftCCELEgA7/C/W 


Lets & 


U)r 


'fa 

L cos& 


(0 




ICO 
COS & 


\ 


&=U a A+ a a ) r i a s ; <*= 


l~ Cu 

Z C OC& 


+t ^ 

R -mi g r mtcX 

j£*n mC * 


e*> 


Li) 


(a) For (S-o ToSS* 17S*/ncnEFFM/Tr, p£7eRw>/e/f 
F ((rum FO{/)) A*H> /J ((rom ( 3 ), At-So 

££7rrv-///v£- /?£& o/nFO VALUE OF F//v 

(b) VSE S/VAUen. McrlEF»e/V7% To F/r/o 7W* VALuET 
OFp c-oe/iesPiT/vO/o/i TVS' -*fj T O-SO- 


b«t« 

F 

N 

MU 

7S11P? 

0.000 

0.000 

1.250 

0.000 

no slip 

5.000 

0.326 

1.276 

0.255 

no slip 

to .000 

0.641 

1 . 363 

0.470 

no alio 

15.000 

0.936 

1.501 

0.624 

slip 

20.000 

1 . 205 

1 689 

0.714 

si ip 

25 000 

1.436 

1.920 

0.740 

si ip 

30.000 

1.624 

2.180 

0.742 

slip 

35.000 

1.762 

2.404 

0.709 

slip 

40.000 

1.847 

2.799 

0.660 

si Ip 

45.000 

1.075 

3.125 

0.600 

•lip 

50.000 

1.847 

3.451 

0.535 

• Up 

55.000 

1.762 

3. 766 

0.460 

no slip 

60.000 

1.624 

4.003 

0.400 

no si Ip 

65.000 

1 . 436 

4.330 

0.332 

no slip 

70.000 

1.205 

4.501 

0.264 

no Slip 

75.000 

0.938 

4.749 

0. 197 

no slip 

ao .000 

0.641 

4.807 

0. 131 

no slip 

85.000 

0.326 

4.972 

0.065 

no slip 

-Seek 

■tart of 

ranoe- 



10.010 

0.691 

1.382 

0.500 

no Slip 

10.020 

0.691 

1.302 

0.500 

Slip 






52.620 

1 809 

3.618 

0.500 

si ip 

52.630 

1.809 

3.610 

0.500 

no slip 

»,6»0 

1.B09 

3.A19 

0.500 

no sltp 


8[lcos6) -nv strS'ie)* -I*-/*&( 

a- ' m (8- a )i F'a* * k~’L- X <A fo) 

L cos & 

C>u7l/fze QF PPog uA/v: DIf 7/ j rtrtFSjk% Z r °. Vfan. 
Fen EACH VALUE OF © EVMUA7E 60 AnO «£, 

yrr/v use 10 a/vo ov to pvaluate f mo e. 

us/*i SntAtttrn //vcne/vre/vTS F7/vo valuE 
of & foc which rgu-o. 


theta 

omega 

alpha 

B 

A 

B 

cog. 

rad/* 

rad/s* 

Bl/S* 

N 

N 

0.000 

3.333 

0.000 

2.500 

30.550 

0.000 

5.000 

3.346 

0.900 

2.529 

36.406 

1.408 

10.000 

3.385 

2.020 

2.817 

35.963 

2.766 

15.000 

3.451 

3.191 

2.774 

35.180 

4.094 

20.000 

3.547 

4.500 

3.013 

33.986 

5 271 

25.000 

3.670 

6 308 

3.358 

32.259 

6 210 

30.000 

3.B49 

8.553 

3.849 

29.805 

6.752 

35.000 

4.009 

11.595 

4.548 

26.309 

6.557 

40.000 

4.351 

15.888 

5.561 

21.243 

5.024 

45.000 

4.714 

22.222 

7.071 

13.695 

0.955 

50.000 

5.106 

32.049 

9.413 

1.904 

-8.106 

45.747 

Find theta 
4.777 

for B e 0 
23.420 

7.357 

12.285 

0.002 

45.740 

4.777 

23.4 22 

7.357 

12.264 

0 001 

45.749 

4.777 

23.423 

7.358 

12.202 

-0.001 
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■el i en A nii Hl ll l l M l j S/VF/i ! l-ftm h-s*.. 
Jr E 3o-lb CYl/uptm 

/ lo - » HA7F°GF1 

1 flT* (\rr-rea. Fti /$ erur, 

IT/ r=moi^Fo«tom 

JJJJJ cyi. i-OFO VoFS pt-7 SUP 

Fan &tO 7o3o* us**/ 
7H1F' Fan z o.io, p /A , 0 & ^, v 
/A*e»noi. 1* ft// CrtfZ. CPS6F* 


F>P/ot Cot-nPonFn 7S OF 
pyr/Fmn r/F/yc -maAsT r>ftA SO 
ft 7 f*vny s <J> ftnff C> Foai 
&* C> 70 /&f USA-yf /C- ° 
ANceeUran7S. 


WLOCtTYi 


Out, s!«(i -a a cas6> 
-PFoS (g 


K/ne-ncs i wf phut paaao aho <a y r 

-*■ (v-bX,- A"0 


(4-->J(I -s/**s)z-±StoOca* 

l.j.-i SjsF - XT -i 
* 2 cat* J 2 

cyuapfp T/PS <p *go i & > 


lUTl/nf o* F'F/op/tftA' y Fan b -S-n ft no 

pVftlUAFF ft nr? J» Pa K Fftcft Vft/oF oft <S>. 

f?/FAAAT Ar//v/*»i/A< I AftttAF e-Fr^ < poaa 

AAU fue/ni . 


CP/A-rF lAYft SrFic Taaf P Va- ft Kir < 
RFftATtOAAS^ {ftp A?Aft! 7 7TAP \nftAtAy 
<SF TUB- pis Fern rftA-sej c onnpcrAs* / 
Raft 


theta 


7eltp7 


7tlp? 


Find theta for mu ■ 0.60 


392 








16.C4 continued ki^ptus : counfc-duo uod 

„ -f- i / 




'*h 9 a~t 

1 (? r mi e 


+jrA i a -z(» 9 )„: 

P^Cos^ - jfSMA - 

--T* + <a 2 /' 

Piviee %Y $ iatvf Fort Pp. 

„ . n -J*+ - 'Z-Zul — 

Pp, fit (3 Jct*p ? * -? J c«if 

-+z^r(r>),s : 

fin + £ V* r ' rr ’a<jt l f 

bo*x-D* M 

*f 7^- i(F,y,?: 

&2* p «j *■ 

"P 3 //3z 

< J3uTtiNF OF PVot/irtH -• 

Jp/nen data: UJ fiJS y /ooo rp*>(%£)*■ '-^ir 
f/r, r -&?, '*» /3 o' m 3 -&9 

B = O. t mr y 

Peot/TA'*, t/i SFOutmoP^ F&r. lO 7ffPOf** {/»), 
jFvai u«7F ano p ronr B.^, Q^, Q,A'*0 0^ Fof< 
UAtPFS OF <S> ff/ioM O To //fa* AT c* 
/NC'tfMf* TS: 


Positive directions of force components ere: 
DOWN and TO THE RIGHT 


theta 

Bx 

By 

Dx 

oy 

deg 

N 

N 

R 

N 

0 

0.00 

4605.82 

0.00 

-2261.78 

10 

108.19 

4497.37 

-279.57 

-2203.38 

20 

182.74 

4177.66 

-520.30 

-2031.39 

30 

194.59 

3663.87 

-688.07 

-1755.71 

40 

124.19 

2985.61 

-758.59 

-1393.47 

SO 

-33.57 

2185.52 

-722.48 

-969.45 

60 

-265.48 

1318.43 

-589.25 

-515.59 

70 

-539.76 

447.34 

-387.68 

-68.61 

80 

-811.62 

-364.52 

-160.35 

334.94 

90 

-1034.81 

-1064.65 

47.85 

665.41 

100 

-1174.86 

-1621.34 

202.89 

906.22 

110 

-1217.65 

-2028.11 

290.21 

1056.59 

120 

-1169.20 

-2300.43 

314.47 

1129.34 

130 

-1048.31 

-2466.79 

292.25 

1145.24 

140 

-877.31 

-2558.80 

242.90 

1126.72 

150 

-675.57 

-2604.17 

182.09 

1093.40 

160 

-456.95 

-2623.56 

119.39 

1060.08 

170 

-230.09 

-2630.38 

58.71 

1036.51 

180 

-0.00 

-2631.89 

0.00 

1028.08 


16.C5 1 Gi vfw ;. U/vtFoKff\ 

Bfirf e»r= rnAsS 7^ 
ot y ‘ surpciTTeo <?y 
JLjf SPer/Ytt or- 

CaNST’ttrtr -fh, 

^ /'"AA'ilVtAfflY AFTfH 

dC- ' ■■ • '*&? '. - - Cr *P"6 AC S/ZFAIcf 

I' *• H /T/ffO l ex^ Afrff Og 

FOP VFi UlrS OF e> Fnoffi O To usffiO to °/r>CieoffcfrT) 

S7ft7*:s.' /n/F/Al sF^mr TFffS’fOf'r 

& . 4 T27\ J -<5* 

h/r iVi % Tease- - t*** wC 

V \ - -M r,^- 

* 2roe6> 

W*&f tcS f Just aftfh. ac bpaakt 

g ~ \ W-» 

r/jjf Lfoic/r* ~T~<sri & * r?» ^ 

AA 0> ( 

?/7 3tor£>^- (f) 

+ - y L/f r y) f f' <wej—7ti 

*"*-■*£***** - ^ , 

+>YMt* X(Mo) e tr : (T<*sefe -- io- 

.. rroi<S iriwV -- _ 

5.^ * ~ or- =P 

io*E-r*A7ics ; 

• « ^*2* ■w P/d-i < » - / . /... 


^ ^ y-X ' L - s ^ ?3 / ' 0 '" 9 ^ 

5^*1 (°*k (a ^ a >~~ ^ *°” £ 

+ *^»V‘^ *‘l ot ’ , ^3 h ^(¥)=*sl (0 

+ t (‘>o)t ) ’-«y- , -b 0 ‘* ! ~i + 2 (¥)= 3 f ^ 

- P <**)> ’ * «*p j J 


B^oa- |f= ton~ > • a - (*>,") 

la B ) > J S costj 

(DU7LiA/f OF P'ZCjS/tfiff ! 

p/ZtftRFM^ IN S/f&ueNCe, F4>S, /l) 7Veoot A . 
By* 11*76 /fno PPUN7 a Aj (2; « a/ ¥ B>e 
\FtLUFS OF <S FftOFf O TO ffoyus/fic 
/Cf* /NCrZFMFNTS. 


theta 


beta ) 

( SB 

r 

games J 

0.000 

2.000 

90.000 

1.000 

90.000 

10.000 

2.002 

87.476 

1.004 

84.962 

20.000 

2.008 

84.801 

1.016 

79.686 

30.000 

2.021 

81.787 

1.041 

73.898 

40.000 

2.044 

78.153 

1.084 

67.240 

50.000 

2.087 

73.409 

1.164 

59.210 

60.000 

2.179 

66.587 

1.323 

49.107 

70.000 

2.426 

55.516 

1.699 

36.052 

80.000 

3.470 

35.196 

3.007 

19.425 

90.000 

infinite 

0.000 

infinite 

0.000 


393 




394 





17.6 Gjyt/ti Oil' - 340yp~ or FU//cm/hS /fAch/hi 
FirwrefL. JFac/i pouch- Rpau/nm ISoo ft. lb. 
Rrreri rrc n Puhch co f * 0.93 au,. 
p/MOt (oj X a, ~ rc-riH/ree*- 

(b) R&'toi.o 7>o*ri Reoome-o fok 
RfSVIAi vFtacrrr 7 o A£A/rv Qi- 3/0 ry>* if 
COHC7AH7 /B Ib’H COCSPLir /£ 
fa ) rr 

cu $ - 5 * Sc> yf -pr* ( jzr) *■ /2 ft r * 

u> 2 - o.9<ra>, - o.99-(/gn roJ/t) - /1.87T r*<f/c 

Z- - * i 0* n ) * u - /rao f£ _ fi 

Z.* kite. 2 - jjO/BTr) 

Z+Ut-.y 7 '* ' ilOt^SSoc. «- ±i(//.9TI) 

T- ?('£Q°) _ 3000 „ .. _•> 


•?_ S(lSoo) 300a _ . . .. ■> 

J -^^f'755T7 *■«**'*■<*•* 
£*31.6 *><<**'. 

(4) U^, = A#,9 ; />. <•£-- (/£ Ct.J6)& 

Sr ez. 3= rojl-j^j )a 13.Z43 "■' 

&f/ 2. 7* rrv 


17.9 and 17.10 


17.7 and 17.8 


G-iye u: P/sr PiAce-u oh /.ter 

'/Hi* IDro, COfFFicicm OF 
o 

Kiraic-Hcs/ T -f/ s _ 

F/hq : r?e«OL UT/ORC %tFOK£ 

U> - CohS77\ht i 

Posit** 17.7 c 
/A 7TRMS OF &,Y~, A"0 H/j. 
PzoeifHi 17. f: 


FOR X= l/Oj IT- 90 Ct/S; 
ASV -Ff s .- O. 20. 


ov/y Fcricb pOH/b \horu IS F. F7hcf / TS 
MoHre-HT ngciu— Bn Ft - f F f p/tr ha</£ 

© »9 0,^2* rF& = r(-y s *.$)e 

fui&utoit uet-ocnr bfco^ff 

_^ Con STAR 7 w«« to- — 

Ff^ 9 V-~>? ,r. 0 

~Z+D,-?Tz : O + 'F-y J 7»3&- 


G> -- mJ 


<s> - - y' / 

Vnr^ f3 


P/fozit-Ht /7, f: r - o. srt, ^:a a' =-<?«» f//c 

q _ /Z/r j _ 

9Tt(o.C(t)(o. 7o)(3*.Z 

dD>- /?. 7 7 K-rv ^ 

JV07t: tltST'-Jl T /£ /A/HFPI /"/ir'.~. •’•>- W. 


F-^ —' " ^ .^ “ F,!N£MAnCS ; 

'''l . goa-nrm 

v-f \/y 

ffOm~l * * 1 dOH™ 

V ° \ / (u±) - /OO rpm [■££) = 10.972 C<Rl/f 

\ / '^7 

^^ (k/JX 9ilD r ^(^) s ^ 7 - a¥ nJ/s 

i RORt A*q tFFRS 'O 

T - 1 -HF-fl - (k.y-H^yO.Oi *’) - 3.S9XIO 
a a 

l c - <w-4’ = O^^o.iSb^ -- <=.*70 ~k 3 .~* 
fos/tx*' / ■' (loj z/0.97Z ; 

C^a), '^s)r 7S (°Z), sS *- ,e ^ 

(<^A! }+*\ ^J/ Z 

*Xio.inf] f-Zo.734 J 

FbS/77QH /? '• 1 1/7./7</ nJ/f 

C*4j t '(‘Ba) z - Z.£(^) t = " 7 - 8/ yJ/s- 

t 2 .^U8M vb'X"*'*')' ]♦ ^W«8*w/^*]r *n*J 

/ P/goalFFt /7. ? : /V - /Kw.« BPfitsFo To 3~S*'i C 

^,= ^= 

to. ■iXJ+io&s 819.70 

& c = 37.7b &.3Pr** 

GfARH • & a -Z.S & £ *z. s(39.9o)f 9% 7$ rvF 
(K\p Z+(*-£'7* •■ y^ p(c.oe)& A r^ 

{ (#.Wm % X?6.lb)\Ffo,OB)(n.-K)- i(8.t,9 *10 *)0/2B>J 3 
/; 90 7 7.93 F* SJf.94 

F* 7./9 9 F- 7.19H / ^ 

Ptesia* ipjq : M~ /on-'*. rPFi/ro ro 63 *r b 

8qt£ I H*'Sl/tAR £P£*of A/Cl- S/}' A b 

AS 'H ^RO<2 17.9 THUS ~p Ft HD 7f ARS A Lib rrt CAR’S 

77- TO. 77C J Z~ ? /~7 

\N* H/)vf A»6 g r /O 

7T* l>,. 2 =7 t_ : to.72tj t /O 6 3 r 8/9.7/J 
<S- a F 39.70 pad 

6p s = T.SS^; 3**9 /■/* Z.sQ ; 13.94 '“"t 

T.S9 nv 

6/vfg /} f = &Q-39.90 **J x x 

'■Zy f (F.SUI0 1 %*4.l8)\p{0.(*'H3%1b)* 1 (ff.U/*ib‘X ia, ?> 

o.ae/H,' 3.94J -t- 3.mF-S?94 

F^n UF F-J7. up/ ^ 
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17.12 


17.13 


s' \ co,-3£orrm(j£)* *2 7T yoJ/s~^ 

w zfa •>-K*X>* rr ' oJ /sj l 

~u~P Ajp F *) 

- V/r, J ft &• !*> 7i= a 

8i »• 0r ^ „y£Z^Vj = ^ x* ~J 

4 , ; » -/*>&=- FrO w- r?(jfi)(Me.3*~j) 

7" 9-L/ 99te.i -f/t )(&* ss )* <3 

--- F*73.7fti 

pr-^p,, Z 3 , 7.T/4 z o. 7Syr ; AJ =■ 6X 06 K> 

~~ ^ Fee ?-body •■ Sett* 0 c 

/y\* T +♦» 

A _^ P/fot) -F(z>*) 

p I ^ 

i - 9 P~ 226.1 -O ^ I 

£ _ p=.ao.iBib P*ea7lt>)< 


y. -3^5 rptn(* /ZlY roJ/ s J 

/Q ,W \ T-lI^ M**-* fX/il-raJ/s) 

-►ia 

i fD / -r i -<f'Ft&.(, «./4 75*0 

’//V^Ly' <S» /OCj r * v (%rr) • 6P0-22 r*d 

-M6*~Fr&*-F(j 

7 + u,_ 7 =r t : 99 * 4.6 -f (|/< *#. -- o 

F- *3. ?r & 

Fz^Mr Z3.2s/b-lo.2S)Nl F-6ZB6 J6 

-ter gov't &£**e *c ; 

$$/»■ 1 

.- tfrv* 

ftf } a j Hi**)+M.z>+) - 99 ( 10 ;») - o 

y_ _J_ ' 9p+(* 3.isy.2 )- s* 

i fitf 9P-63/.F° 

c 1 —p-M f,?a.i2!6 P=7o.llb\ ' 


(15), 


1), ^ 




Jo* I ,iO'» " /£>/» 

zp~,_ro2!»)= o 

r*r J ^- J F^A/ratifo* 

- \ r U.r704, /r,^ 


[i| 
fl&ll 

«* rr 


2*0.7)136 th’ft-S 3 


nTf »(■£ *) " y " 

<3C) ^0' 

J,a: 7^- J '"aWI*- 7-f * 7 ^g( 

r J §T%{fp*f+ i(o.27lu)iO^ f ^*t^) 

=• 0.7MB u>l+ Q.I2M%tu?»- O. O 7?iY UJ^ 

T 2 - 0.90397 aC 

U t ^ z ' m A) -F(s a )~(2S*yifii) -(r/6)0-9r&) 

4-^a 1 ^ 

"/f ** “/» ■' <0 i- £& ft-ii) = CS. 9039c/ CO? 

U> 7 * A36. 39 to, - 77.679 ™JJs 5 

i») (&)p %?3%\< 


To F/VO 7Z>rAi p!S7Awe FTOSSO SY B, WB AS>0 
■ 70T1U PK7ttMee* /.t*0.w • 7. i£-ft ^ 


s/vbn : X = /Y/h-ft-s 
O .} * 

^,030 

F7»/> : P jf<s- 
FlY\n*efi. 076 Pi /AY 
/t>0 e&v0iur/»*ef. 


iS/vFv'. 2=/9/6' r i’S > 
lO, * ?6orpr. 

p/jvp : P 0o THAT 
FCYlHAffl. S7&PS if* 
too wratvy/osiS 


(b) BLOCK & CoftS7£ 7b fd£S 7 

7b 7Ai pNnvt r op blocks nno Pouer Just 
Si-Tone- /a*Phct ~ £6 Bi-B 
fc/Nc-Tte eAYCVBt OT Block A Jus7 JeFrKi- K*Mcr 

7Z* t ffa)} i 73 tyfi 3 * vft * 


17.11 6^ 


G/yfn ; 

SO'/b fit Lie Y 
Q." £.0/n. 
s/ M oO.ZC 
£YS7t>M /S Ri’Tl&iSto 
p/ZOYA /CAST 

F~o\ (a) 1 a* /7- 
STBtKeS 7/Yf 0/i00/-/0 

(6) Total O>z 70 "tc* 

70A7 Slock & TaovBC 


BFTen BLOCK 0 07&KBS 7Hi 0 /eoof'D t yjB 
F/00 TAB 7 7770 I6/Hi7i( BYYirKjY g>r 

T0* Putter C AruO OZ.OCK £ Tf 

T = £6 Ct'H> -ss ZT fi-K, -P92S ft-H 

CHS 

Fop SYsTpm to S76P } Z7.ZSTTJ6 op 
PKencr SAOS7 aa OlSSteorro BY 7/T0 
P0/C7/OH pone*. Ft £~/b. 

t—W -1 29.2£ft -/i *- (FT 6 )J 

F SB c/--S.tr* 
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( S/vf+ r. F~eicr/oss 
DISK'S ft, 8, aho C 
t\nf MAVf OK £A™f 

m/ithwal /•-'o 
7?//CtCA'£*SS 


V-^2 Hod ad 
SfteviCr A* vco/y/-i* 
IXieTKfTOlfTj l£?«6T* 

- /S~& tr^nr. 

Pod is uc-icFctn fhom 


OBI^a^T/F! F/W . p*. p/ 2 g%f/ot* £0/1 KJ# AFT&# 
CauPiF M IS APJI/&C ror, 0 /vg ftgvourrio* 
F'"!> ! F£koiot/o+j{ C>K ft at&omp o 
Fe>F A/j —/&t> r^w lM*g*i Ain- 

t' a =4*o, + M W.-/Z /o. 


rZJSlT/OAi / . -j— Hr*/r* 

T^e CD-flSOnrn,)* J 70 - tf'* •• ZSC-'m, - A.?; 

)C“ J ■frr'- ${**>\‘o 7. ■* 

V.rWW,..,.. (?# s X<?.iU/ s -’Xo.i*-») ' 7.06 

V, • V, * 7.S0J-h7A6ZJ - /£. 773^ 

77 


AV*V;r> t 


PFs/oZF VFijCx.irr Pf-0tM£7^r^ g >- o/J 
*• ^ ***£-£- 


ir ., 
-c r c »c ^ 


>-»)• 

•£”<& - o-of/iua [iff* f ] (sn) 1 

*“ J / r*v » 

•T <9 = )8. JlS ; <s> *■ S.70* rnctf arrnjJ ’ i ' S9H '* v 


{Sf?ns,7r -' \/gt-Wh -C> 

Vg* V e +V d - /.zej 

king-ire fnmsr‘ ■if z = /b. /fi-wj a>, 

_2~~ Cf-QoX 0, J*'J = C>. / 2-J&Q ' 

~n * {?**%*+ i i*£ 

■n £{f-&lJ(O.I0 A ~(0,!2)K7 l 

7z* D3. /Zfg ou* 


C<2> Aj £FX HA 7U*-‘ qA ^VWT i 

ZT y- V/ - 77 a 

<0 y - M.7V-3J - a. Ufa dj.j a-J 

lu*- /?3.f 

AJ^ UJ3 r«!/ry 


Dgrrore emu pe-Hsiry OK /-»<? r^iejAL QY n\>H> 
7?tSCXArCSS a A PtSKS BY t. 
y//£*' *S«o/: A O/SK IS ffn= (Voiu**f}f* 

fine 2.K Tg*. r v " 

k'/nf7>( j-Mrirj't ! 7 ~k y^ X*;* 

r* 4 ( j ¥-)[ <■» -iV^ «V] 

r a Yg;V- ^;V] 

•r- ^ r a % fe‘J ^/) 

Vioejil l>_-= ft> & u-> a - eu^ 

71+0^71 1 oy^.ie«;^Vr a Vr £ ’] 


4 

\ 

■ H./ C: pec mi 77 /a r 'm^TTr'^ip s, r . e v^n<it 

*'*£) ' 

r- 4&)'$>*(2)'Ht)']< 

&™’- r*J/s 

\Afl=/7U >) ^ -❖‘*9.. 

M-lc. 16. - x ft- n> 


<3>nO,SF7r‘* ^ 
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17.17 



Gnten : */-■&<) Hot a c 

srn//v& : JlryaQA//* 

u»s7ee TcHto c.rf*£rj> 
tf /SO ‘•t'm 

Rod /s gfcf+sfd 

F/zom aecr 

P/vp. ' 0/ A/ven flop 
PAS /fb 7» 7tO 9o * 


17.18 


• © 


“* I 1 ±0.23'* 1 


/o * 3. ? 7 n<//s ) 



G/vf/f i Roe of lne/**r w. js 

GflFflffP re or* G£ST, 

Fp/p t (a) Co Rue ft AS Rod 
PASSds rffHoocA nr■ ye/tT/cAi- 
(i) Some Pa at a Foil 
1/V--/.*■&, 



. 3l= £*>, 

* 3 

u ® T '*° 


ff'i 2 


^:*9 


-Tz*T~K+T 1 "* 

- i tlri W'X 

"3? F J- **-( *-’* 




*v zr 


■* i J 


UMSTnrri+e# 

Post Tip// / ■ ^ *+***»' 

Tt ( = CO-ftSOrm-oJ =370-iSl> r220*„*O,Z2e, 

l£ * -k* r(*oo »/*)(o. 21*,) 1 * ?. £qj 

G£A'*7Y : \ly\Hhr-» 3 h- L‘t% 3 y?.a/*0-O./7^)=:-7.60) 

V,=V t i-Vj= 7-JSJ-7oczj - R.inJ 

F/f/e Tie pf/Focy 77 T a 
PaSi7/ao 2 ? 

SfKfmc : ■/g* 230~m-/&'** - 0 O*Kin ■» 0 , 081 * 

14* 3-&7cl - £ / 9ooA'/»yOi Ogrmjr/. 2£sO 
q/ZA'* 7/ : 1/^ =• | Hh-O 

v 2 - Ve^Vo- /. 

l<Hif~77c *n*rr?SY : P 3 = m, - (o.l£m,)tu± 

jL' J3 '*>6 7 ~ Ji(9-^9)(D.Si*) X r O./2-tes ‘*n 

7z - A '”'tTj * 

- ^(G-kq/o.l6aj t J r j/a./2)vl 
7s* At296 0 
Cc+/St*V47IO>J OF SM/r/U r 

7} +Vf = 7- z 

<9 P7.S/7J- o./2+8Uj\ -h/.2SJ 

60** JO. 7/3 

tu,= 3.273 ~J/s 


a-#"*’ F' # 3 

1 /? -w-*—*<* 

ft-**q = Ar) iq 


74) \N*f.BU>, j--3<t 


SO* * T ' ^ r ^ 7 ' 2 


■ •£ vy — Sis) 


H *S.<7~%) 

ft- 9.S*6\ 


17.19 




(g/vw i /?o£> rtg RSteftseo 

FFotr, ,?tsr. as Roo Pass Jfi 

jug one* vev-ntAL, 

8 F/hq : (•■) DiSTirnee b ron 
W*tc* CO u MA*I/*U*A , 

CofinSSPonnu-'i US aw C 


^ I 6 
®- W 


©^- ®-if* ” ; 

7* + i= Jf~’(+ u, J*?(7i+f) u *'*/2 J w * 

T, +",-^71 ' o + — 3 A = j-*»[ bV ^J"t 

1 ^ J •*«> ^ 

tf R Tb 1 

i - I — J— +t37= = ZF</r ! C -Wr-m9 

~ , . qo2-mg Q=Z\P f 
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17.20 



Given '. 

/iO-!b SYAtnASr 

//t /£ fo74 r>H£ 
vee* ciowir(tn t *t>) 
/// Pc&i7/cn* snousn, 
S'np ! <*v nno 
Foact? fl*ee.T£o 
O'* A"S AA~*r 
/)F7*V yV/9J 

i GonfXte 

^ (eJ9c * (i)ieo’ 



3.Sft 

3.Sfb 


l,fl'.4f£(Arnf 

JTe /tt/* lb.ft-S*~ 


n 


-s 


>. 


V 

« J ® 




7S- /<*j z 

T- (30. •il7nS.!9)iS= 36. oZStn 
7J*O', 7%* Si.ozS~ <u a 

t4_. r - W3. J f/J. (/io/i'/y.rtt)* Seo fi-/b 

T, + U,-. z '7i: 

u>j = /s.s*s tu t - z-n ~) 

- a 

f ¥ ^ ^ 1 «■» 5 - .« ^3. l"o() 

■OFAYS’ l^p,)nf‘ (/Sojlzs)* ^I,r^w)+jv 
■ 4V " = 57^ * /'.'ev 

seo = TX.ofo < cx « 2 77;? 1 

-»f Z(^) e/ jr: fly - /<*«//> - - ** (».eof) 

-j£ x (3. sX7. 772) 


|- tin* 




fl-//o*-/ 3 S.r? 


= *M-iS7/it 


J- F*£» I ( F v)/P 1 ^X~' rr, ^o, z -»• (*•£ <*) <** 

•£r x ( M t , * e * s ') ; 7o.sib 


t/ 




/? k =. ?7£>.3& 


jfo« 


' .?*. »17 


’= x/y?' 


f 2 * —" ~¥xn 

££&•****•» 


17.20 continued 


(t) 0-/8O '. 


7J*°' 36.02 S to ^ 

0 ^ 2 - vv(**3,7 ft) 0 ^/ 60 M)(7-fb) =■ //JK> ft-* 

T^Uf-i-Ti ; ° *■ ~ 3 /.02 A/J~ 

iu£* 31.07 CV 3 - S~.S8r^Js } 

tfl ft 

A 1 _ 

} +t2-/v, ‘ZCtJrt 


3X* 




I J 


4 -Mo ft, = ££(3.*X*to9) 
ft -/60 = Sfo.7 
A-W.Vb floJO/ !b\ 


17.21 



L 

If 

A 

r 1 

A 

lj 

1 



L 

D 

1 

1 


04 


c 

--04m-- 



G/Vzn : 7Wo 'iJjPS 

OX- A*i»« oh \N&tfi£P 

TO£lrT*eK ftno /x&sseo 

ftibtnfr SfVn'i nr V 
Aftim Ret bass f?opj 

R07*Ttr T*>UOOi» non*. 
a 

finCUr oe 70 “ 

P/np : An60ton \,+ioQT) 
Wnfv ft a car.'m s ^ * 
|av^« t/oi?>to~T4S. 


© 


PAiir 

p> e- 


Vt 


ffr 







IV ^ 


l" 3 - 7"j 

c - c 

Posrrrcr/gy. 7a*°t (V*)* m * ’ fv ’ 7 
7Xt 1/ 

f«4^«wz 

Jbsrrjo^Q) ; /V4)yO;/^» ^)-^( 7T Jo—0.183 

Ja ~ ^ J r i w j / 

7?-^ ? 

O y Wi. - J-WA s J L 1 ^— o. !S3 Wi 

f ** 

(Oj - 7<3? ^ " 


f- x’7/^ 5^ ^ 

iCOM7ynueo) 
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17.24 



-- . 

ii - .1 /.S--&9 SfNiiCf/tcuuv i 

P'SK, 

of 

IiiiM 8 U*crorFftao \~HtR 
AS Is HO/Z/i o<v 77U- 

ID 

/F&Ys7S*o IS 
R’at t /life Fliers R.RST ) 

Firm,-. U> ft F7£ft 90“noUlTn* 
PGos/t^t /l 22 : t v/TX SPlOfi ATTACH at 
PUfh t at* 1273; s/R/mz nafoo^ao 


M OM F>' r of imaftnA .about C. 

Pl£- ki (--1 —f. _ Rr _R(o.js) 




f 0.06366 — 


Given : fitteafBLY no ft OF 
of ar*o.zs/t/fit Poe. 

Unouhfz TMftr 

to s F. e& «j_ 

r*/n *m+*- 

f****' (*) CtJ m»n 

(i~) UJ YiMf/1 


Pener* Ftftss pan u»>7 t/*vr* gr V a >'0 radios gy r 

jfr‘*-)r 2 + (xnr~.')r* m r* 

Po'Z A4»v fi-ZY-rnaioiu. ITOTA Tier' ytff RlftrVC 

£f/e*fv of s»s ftssFfSty <s 1 j 


&°o AS- 


/ x *■ 

_T_- j* 1 r *^6lAi)(0-rf'«i)tsd,ogo7S~4 9 *r 


jO- —>gr 


Q . z?s* i 


X c * ■£*■*'*'' ,2< 4 *n)(o.->Som) + (£ 4 i)(f.27$~,) ' 

= 0.28/2S t- a. 303= O.SgP ■fig-sm'’ 

7c.—ni . X < OF ASS&*oei yt 

X- o.ogoze* O.SBS’m O.60SZ3 -# 3 . on 2 


(D^=^ © X ^L!^ d^W 7 

/*) <4 W°° fc '~~ 

yja V, -?7j +v 7 t r£ o fl} J^ _ r£ 

4 ~ *°~~) = '~'s r * ^ 

4 (,M6S <*’ r s (I -o. 1 *) ujJ^ -» ftp'3 ^ 

<u- £.37 r *%) ◄ 

t/>) 7^+v t *7^ yv,; / * . ’ 

- 

i 6/ZS~.'y t )(o,'g27ZSrl )- ^ 4(iMlfo*'r i )Vj 

2.77SI ■*»'?’'*- O.foo'g z'f g.MlZR—r'r***^ 

^°“ ec *W?r «« 

/UoTi^l fZlrsux rs /ft roT /as O t- FftA'oaAjy 

of v/frmr Fm Lt'/ir /.FA/dr/t or 
TRt god useo to a^ako rue 
ASs-f^Gly 


r=o./Sm, 


(7) 


0.22 S ’09 

I (J) 


. smart* oa sMr* 
S^-?r- ^(o.'Sm) 

“ A ^ 3S~6 'fft 


PoSTJ**/ // 77 l/ y - IA^ yj/(£ ^- 0 , 

V/ a(/-tPft)(9.iO(-Ae>i33t)o-/.l/Sg J 
PoS/7/caj z ■■ (v^x 4-fiis^- 4 (teopfa/jlo. 2lS£/*y- V.vv J 

^) 3 = w, 5 f-d. Z^J-.) = li*s)l9FiX-O.Z7S)x -/S.ZKI 

Abft no# ceatroioal Rotation me y&s Jrc,(i?.>o) 
74- 2 Zc 4(p.i<3T2S)uj^ a- <3.3d^ lu^ 

PyoOteM /7.22 ■ X+ U ’ Tit 14 

O -/. nesJ = 0.3022 eu£ + V.^Vj -I3.-3HJ 
7.iV - C3.3o?< <W g l 


<V~= zs.38 


tU x =S.Oi raj/s ^ 


PPOBlirfft /?. 33 •' Z2FR/MZ /s REnftO'JEO. TTitiS 
(Veit-KY^J '3 e£* 2 o v ?0 FRo*! Por£*/7>ftl 

FneRiY /V PO07/O# z. VRZ a/ouj mej-nc 

7J+V, * 7 ; y* 

O-l.z/FeJ = <3. JSOZf 1^2 -/J. JVJ 


- 0,3011 tu\ 


u > t » v<adr 
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17.25 (j/vtfu : ?o-f>2 Pot/e* 

TPOllS t *07*007 S'/. /PfOV£ 

J^r 250 """ Ft no : C*-) v sprint /.£*, 

-r^ ! " s ■*«/«•. 

Xjr (ty F/ierto*- F*>nce 

^’'**^”^® 1 *******®®* kfOatnm Tv pttfvetn St/PP/**f. 


17.28 


Given: Hoop ofmrss -m 


/ > 

front 70 Rt&MT. Win* 



Cotton 8 o c M*ri **> or 


% 1 

Top oo *oJ,1 Avp 07 


V n*V 

aoT 7 M> v-> - 3 M ,), 



F/mj>: OJ, /n 7 w»v»f 



OA g /»/w*> r. 


fr c. ?s*> 



(a '-) ■ 

v*v ) 


9of 

(fOU/Hj 

w T * 2r 

* r 


/SIS74H7 ce-HV* ore: 7>*uc P pats no i-veA.v 

7 r=, ° (90»X / f-~J= /3S-J 

5* z'*’^ 5 * **x - ~L "*&■*■ yr , 

(a > ^ ^ '~" E s' - kfe>*oJ ‘*£,’ «■ /•** •»;’ 

Z~^ 4—.g* - ^ ■• <? +■ /£•£-/ ' /4‘ i», f 

'^’=7 -tr- 5-Vi- — 

74^ CooPet*. /w o7/<y.- /tScxjy T-*osy c ■£/< Ten , 

7”° Ta'gl^* id^r'/lP)*" 

U^z-~ Ff/.S-n) 

Z~P^/- 1 r 7l> o i-/.CF- 

l.sr* jfToJ^y3^/sf •. F*3C>!h~ ^ 


17.26 and 17.27 

G/vpo/ ; OMJfcT STPw; 

< I IS UtHt-osCO PKOOO £tJS7 

^//*0 • V PP7J*R pptro* IvRfQ 

0 JOoxempe/ T — 

F/?ngl /-** /?.?. (, 

Fofl P CYHs*ot'< 
PUsB/ff* /?■ S I 

T'Yi fi 7V///- Wfitlto P/PP 

__ 

Ci\ / '•• (I'P/teniS OP 7 y ratio* 

°@fr ,f~ -* 

®te)i 5 :;s‘£«»- 

Tg* i**0+y*)#*. i/ / .i'"3 s 

j w 

7/tO,- 2 y 7^ : p + s — ?'*’(/ **■ -pn)i\ 

<’ Tft 


Uf^2~ W[ 7 r)w 2r) • ? *r. Q f 

Z- rt *•» j i*. **■ i ■* ^b, 

v 5~(r*.)+i(*r')*>\ j~ (-* ru ) - 2 <» r 

7i= 7~"*£ Fjifnl* 2~’^a^ 

- ? **(rtt*,) tj^r^ + o — r* u/£ 

7/* Ui-~9 ~ ^ * 3 ** C a/* *- 3*>n j r r a r ^ 

eS/v**! u/ t *3*r, J* r^V^-mjrr «i r’fsw,) 
Jr=-4*r'w, 1 / ^ ; A/- 


17.29 



C. a 




Given ! J3t\LK S’PC 7,or, 

Of Pip* of MRS? o* t 

UtlCfisi/rj FflcP* (UXT: 

fitF Tea r?OLL'*u 7WZou£te 

90° 

fS/*Q \ (a) OJ 
j| (t) Re*C7KM 

% = 

® 0 

\S. ® X r 

^ ••’'J 


_7 »/»» r - -n>(o&) - ■*" tr - '*')( rr) — n'-) 

Tr- F—v,'* i"('-lpr\£+ l-*-r(r- %i) UJ a 

,„ - i-rf- * -h) 

Z+U/-** 7 *. • O *■ »«5 jr r - ^^* 7 *- x (^ -^)lP% 


a ‘h -L , — - /. ie/<) 1 

* 17 /1 \ »- ' kr 


u, z =/.3?pf% y 


* vO-^t 7 - -i{ = 'rxi-A - 

(£) H.r-Itvn 7/cj I S/'FCt O Moves ^'iovr/rUr 

-$£(r. m £-> 44W. 3 t 


P/Iog/Ir// 1 t?f Hi • (- ' Yl . 


k Urey cj: 


I W- «i9 f / W«» *■ /» // ' 4_3 ' w ^ 

vp-vy 


- 1 

p/ZC>8i.£^ / 7. 7 1' 7'///s/~ Incite r/P£ -ft * ^ 

K’W-'s* -V75^» 
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O.H3S* CS~4 f )(9,^>)(o.O3?Sm.) 

U..~- /,%*■>* J 


, a " -r-fct J i- 

h***t # t** 

\/V£ AW7f 7>V/f 7" Po/N? _E> AtOVf PlUtCf 

7 *& o/stamcp 7 hap /9 Mo-+tr 

V-t-XiC**) 

Fon aviY- Q, 1 7 ~r-g-IwJ 


T X = * I 4 ***- T^am^S ■**’•*»+ i 

" 7 \***X™n$* £&)*+ ^S>*» 

+ £/. tfaj *?//>*•»/*« v-j/ 

rJU + Wfi'f/'J *-<>.>*] V,,’ 


r, 7^j /r iHOEre+‘Of~7 ot (os^), * , ' , o(iu g ). 

V h - 3 ft , , 

MCf h\ A no A at W»** OoalAllfAlU)^ 

+ \Hhr+-'* 3 ^ aho jea. 2 IS »’ 


Of/, ?.???-/ - */• 




)Z1kt l^a)^ * 3&U m J/f 

1 If- il mJ h) * 

? * 7.VJ ^ | * 

w‘ S/*ee 7*4 is OP wt-au-ryj 

we nit'* wavp -*i.iL < 
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G/'vm 9 -Jij mfipzf w/» 
6-Jiy w»HL £ or r* 8o~~ 

/MTt/Htr at t2et/ 


Tro ; 7 ? =- a*>'\ 

2[l^*£♦ idlt+rf?) ] * /3.X< 

6{ ..a 1 (3on)( o. iS-m) r 7. i~J 

7J>4_ a - ?; •' Of 7 -S-J * /Z.SaJ^ 

TT**cxrsst 14-a 7VX •»»/<-*■ ^ 


( 7 ) 

^ I * 0 ' rf **i 

1 ei / *_Ma 

K= -Z%vsJ 

PaStTii+7 •■ v 2 - -iv(o.S/n *):- (toAsti, ttfo.f/96)* - SO ??NJ 
Ts* f 

- ^(/a#sXcu *j) * i(riO°*t‘- *■*) H* )= *.*“£ 

T,tY, =r 3 <% s O ' *• r*', 1 - oo.TTy 

*£«-<?. T7^<s to 2 =Z.'r?t r *%J 

VEloa-rY OF COIL ah 1 nNEN £>TtSo‘ 

^ r (nc)ui t =( zio-Sik~X af A *3./l*/s-+ * 

Ofa r (fee; it),, ( 2 , 0.2 *.XZ- t *6 «■&) Ofg’ /. 7 ts*,/x I < 


G/</&/,'. CMouf w/w 

i- 4 <$ or r-3a^.a. 

I INITIALLY AT Gc-TT 
I-/HQ I OA c KAO If 
AFTHrz L'SOmn. 0 r nOY/T/*£/,/- 


Y/NEMATIC t 


G/YfiV l 7'^3 CKAOLS IM'TM 

'■N/tit-LS or r* 80 ■*!■*. 

INITIALLY AT flesT’ 

F/nq : x£ OP C ttA 0 cC 

AF 7 ee Zs'o-N-m of Movf**enT 


(/,S)Sm2o‘ 
,( 0 .i)c;m 2 b ‘ 
,0./OS-70, 


K/N(/LtAKS 


iNivm cpsrm = 

Position / : 7 / - <3 

Y i :-w(o.20 S2 n,)o -^fo.lofz) 

PoS/7tQN. 2 : \J^-~\n(o. 6^ r - ~r$(o.&) 

X~ t~£* 

” ^'T*(o,io*$r &) kJ , 

7~2 - G. 7 N/MU > 2 

' Z'Y'Sf 77, -» V-z . ■ O -0.201-2^ rO.Zhn O^-O.Jm,} 

w x x /.i*rj - A4*r(9.W)'* 16.137 

tOx~ 9.00 nX/f 

\jfL0O7Y OF CCtUAG i \NHiiN & . 


Jl - i£ /-Z\J^ 

75 r LlS-*? 

(son^o. lP~<)c 7 .SJ 

, x * 7 i.t a y- 7.CJ 

n£ X r l.iui 


T£*/.osr*/ s 


Jfl 

GJVfWi orfc/O-ii 

— .41 

t)»p aeiEoseo 


A He,/* UPS7 


'//Me* ^ = 30 ° 


F///0', A/q A>*0 

1 

1 NAtH & ~6 a ' 



1 G/ui n: vw -/04 9 


* eoo *et**tst* 


FGOM S 2 £S 7 

If 

1 w«* 6>*2c>" 


PSAQ.' tjfg 

% 

| 

Y/a&p G>* *?&* 
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ipSpP 


Inst. cen7tn. 


17.40 


< j/VjC* : ZSQ-i**, QoO AS 
IS Reieopeo iv^a»v 

SaC 

F'NQ i 'T/I &r?0* 


j / iNfNiA7/c\ hNtN po * 

CL in A AGP: a’Cat 


"* ' \v si"* o. /j?jT A> (l) 

V I'avv ^ -. _»./—•«. 

7"- y-’wv ♦ i I* 

•/ p>s|^ ‘ ' i™(o-p±4*-r(7i+(•-**))•» 

f "T- O. OfO+Z yn u> 

£OHSCVVA7r{s* OR /r***ur 


17.38 | 


l% 4 - ?/*, Jr 3 */* 



see/‘u tpnsion a peso 

ef& 

-. 

lN*fN 0*0. 



fiop /s RfieAse ,0 etc/** 

‘■*f • ' * . - , ^Oj 

Q 

RfST in#/// <5- ro 


f 

FiN.pi Co ano w///n 

O'-- ^<a° 


/ *, 

%**> 


l * J?X /*». 


L / 

I^f^P /COJ 

36* 

^i C5 ^L, 

« T . 


J3o 

C 1 „ ^ - 



X j- 3.S+9/*. 


cnz 

nT=(c^)cu = ^u>^ 


fosmoH n 7^*0, i/,to * 

POUT** 2 -. 1/^*-Lv£ 

- -('fit) ^i*+ j (3lb//j3JTT <V0= -iMSfl-H 

7* m i'}”*(.$%)'*■ i'h***^ 

“i* r i^T^t)l^T {i f w t = 0.2PU *4 

' 7 / i ' V '~ 7 X+ V3 • 0+0 = 0.2022IV; -J.2ST (t-/t> 

(OjtM.XS" to x - *03 /XJj^ *.03 ^ 

I IISIOCI7Y OF tj : (ac)u> t *(Lcas3o)iu z * ( jfa)tosJt‘(p. o3 

_ y a * a 7 "?? **4 


-V ityj* ?/<5, 

i, j t ***'*** *r 

Ld ieno wue/v S> t. a. 

k'P’^'A .-Jffl f^oo >s Geto/sseo fop** 

** rr tv^-v &*so‘ 

M p/ND ! C/J /fNO p’g lAH/*N 

rwm ewrrn 'my^aouwaina PM —. 

(3=o 


Gnten '- Pop /i 
RELe/tec* pPOM 
Res 7 w*en &*c 

&t£i % A~9 t£ 

W/HN & - 30“ 


No-nn otei <S r io * J 8 ^ *QJ J 

4 A8c a eeuiLA****-, , c 

>* A AOc: £6*Leasin' 4^= L**Casin' .’HST. C&zTtn. 

Posr7/tyy /; \f~p -fixe 
Position 2' l/ t , -wj= «■ - TfNN^L 

4 •N’ftj'+ i I u t c ^ *1 (colonsJo) to 

7 3 ^f cot's d+r*)/mL v i~ 7W' m c r ‘*'t 

’%7V/T-7it-V a l O+Ot-fmisL+fiimL* 1 * 

0.6 j- tu^ 1 /o.6 3 fc 

^ 7(ac^ = L(VcT.n/i) f A * Jo.i$l *~ * 

if -(Bc)w+L(\lo.69A. TLoVo.igL f£o * 





O./ZS'*) 


Post7/ON / ■• ljs.WyS/?X6V^V, X 

Yi'-fr ,b X r ^T)siaSo%- + (3 rso? ini' 

= -ac ta *-/!%S3 = 33.VS’/i>.'/i = 2.787 ft-/*. 

77 = 0 

Post ton Zj * (Vj)t. t(V e ) t = O 

?a= ■3r’~5£+41»£ a ±iMfou±)i- ±Uj -»a')*V‘ 

=r ^?£-)( 1£~)\\ A 2022 *>C 

7/TV / -.T z t^ t _ 0 ^ z?g?f t ./ b - 0.2033 to^ 

(M^.- /J.JW? CO;,? 3.7/3't*Vf UJ f -3.V 

Vf/CUTY OF g : iuJ t .[~^l3,7/iraJ/t)*773P(f/r 

TffWfflkt ^ 


(X) ^* /> i 


- j ft* *n*» 

Oat IS SAP* 6o* * o, toB XS *m 


bj;7/»v / / “7* 14 * ^ 
os mac X ‘ |/ 2 1 - ~/m^(p.ioX2s) 
y^a!O.OIP72 -vnu)^ 

Z /V/ '7q+ v i. ’• 0 + 0= -or,g(o,)0&2s)h 0.O/OY2 OfOJ, 
W g a s /0,3V?J* /Of2V)(?,1l)a lot. 9/i 

- _ . , .a «/. = /O. 09S rad/s 

Floe/ TY o'* Q \N»fN 9 ?9t> * 

)W: iCr O.IISu/.t 0.122(10.0*7) M 
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&IV£m ; !Df“ 7 /cal &boi 
tieLeAsto r z ao~' 

Pan 7/o*i S'*<**>*' Ifiirrt 
p Movto SUtHTLY To 
r*>r te-rr. 

| f/ho z -tJ p u*e/v 
(a-) 2? 's seta™ f», 

Cb) A% is vefiT>cM~. 


v (T 






17.43 and 17.44 <g/»*v .- iv^-zy/p 

B /A *«*• 9/ * 

r aL \ /Pw tPTtnAg p/v 

\ ROTA7&C Tfteooctv 90’ 

U PeaSUM /?.*l 

‘"l 1 *' I /<* iv " etL *S MOVSO 

I \v\y guat/TtY 7t> *2/**7 

X ^c <VW- 

PQ&Qli-M ^W.'/A/>y 


PoS/t/cw £/#>**/ jQs -*• 


PQSl7io« / • 

a v n =ltSft)*Aa 

1- (K-► ' w 


^8 =e '-’ i ' **» 


is /<y 7p>pnsiP7ie* 
to—.-* 


"# - W " eGrtvilAVi?'**'- 

7/~° 

IA/ Posmon 2 Pom7 A U rut //vS7mvrA*t-oot ce+>7m. 

0 e Both AB Aa> 0 Bp. fn& VLAf! voloCTy op £-Ac» Hot /£ tu. 
/JS-^ > O.BU. L t , T^= 4 

3r s A* *£ 

- r<uj+ J^ 2*,(auil*xJ 

7i* %'*•£* *•? 

V, = ~ z w 9 l/ 7 - 


a JT~ ' ^ ** 


it -/.s-^/kj 
♦ *>* 




r<WJWV< 7?g»«/ OA gA>W)~ 


o-= j^vmi to^-^, 3 j. 

o>?-= ^3 l (o 3 * 0.1/re K§~ 

■7^ « (AD)to^ - L (0.9796 Ip z °- T *4(I?* 


U) % 



,PAB' U » 


-fr 1 ** 


/M Posmo* 2} tf > = 'f 0 ~ Hv)— i - io a "*~i /9rM ‘P * : 
P 0 S 17 /OM / .' 77-0 l/, - - -Tug ^ 

P&srr/orv 2 •* 

___ 7 ? 1 

7^- f'i*L*ou. t 

Co/VSe/t VA TiOt/ OF &WBH6 Y 

7/+V,-7h+\1 t i Cs-'ms^m \*"* h £-t*'3 l 

2 2 * 

'Tw 3 ” 3* '”* rr ^ - 

-v ^* 3X w _- 4 ^ 4 ^ - 


i/, = (7.Pio)(o.7fft)p(9/Oj(o.?fr£:) ^y. Ift./i (l) 

/F 1£*0, TAB'* +7+Q* 0 /P»0 77 
/-c^ x<s ^ 60/sMret)uj Ai uv^tr^/j- 

2 

T* i ' 2 « u * * * ^*A«« 

k&f('■**!)< * 

7"r 0.4 ’/ + o„*?r + Ys^i'i = vr;v fa? 

^ ^ PW - 2-^* P.6%3 et 'b (*) 

9 ZfX, 

9os'7t*v 7■ 

r——>f=-z.ffr-»i 

I -*^ ^ It- 

- 0 

; V ^..».^ .wiS-* ^'"V* 

^-k^m'-iKa^a * ±' r ’iF*ko + i 

' UA 

V- U-¥fa***J+ W* 

7^ ! r(a.S7S'+O.I?S + l-i29*o.379)‘%*. 0 , 0799-3 

£i2rt££Z2J£Z£ ^c- 0 y* 4 , t 

tj - 7 . tfP/6 , V 7 7 0 7j* 0,079!$ U >* s 

7>V/ *?r<4 4» (Y/b=o,oyxsiUJ AS +0 

UJ^Sy. 9 uj^tP.OZS 

£c(*y. gr^hs^is^fips) 2fr/Z£*%l M 

PHO&LtM /2Y 9 ■&=<(fli—' 

£8X*y 77 x Z.t%3 ff-b 7g = 0.° to, 4f 

A3<r/;/ v.tn-6 v 2 -^ 

77^±z2L7^y j?.68$ct-ib +*t(i'»>*evy»s?tu M 

suSs*tO0.y 

/C/J).' v 3 ^^ AS -.i,s(b.»i) '%”'S.03 7sk ^ 











O.OHUJi 


17.48 


%= **•* •*(%£) = «sT~*ir 

r 0 10 a'- Lo.a3-*)(*S-TJrajfx)^ (o.tSO**>)*Jg 

io e - 7 . err ~~>lc 

) fVU.eY A • Paujirrt - 7A„ tu a 

3<xx si*- ^aC^jrrr r*j/ s ) 

M q =*- 2/. X //- -7W 

l) puu»r a : Pocuirn, - Ms+'a 

3ooo w * /»1 /3 (7.J>'V r*.J/s) 

* >27. 3 67-Art 


KiNtzMmns p - n.r>* 


^„ S W . * 

^^jylsL 45 £ A '** 
v* 31 "- y/ > lT/ / '" 


«>«» f“» 


oj. 

*Jw*r 




^- 7 -o.av, a/?* A s = ° 2 *-> or **o.i~ 

ft>7£f;-r/Al p/iBBSY ; 

^- 776 ,= h, =■ (Y-kf)[t, V)(O.S 39 r *,)« /3.3/i? ~J <] 

» +.?e9~l <3 

y 3 *V/h 3 ''*T3S> s *(Y-$ a )(9,10(°'t'») * 23.SYYJ O 
fe'wg7>f f»b*£Y 

il* -^tlirrJTL* 1 ‘***»+9~*> % 

2^0“ /T/ Y~^oX°‘7t 1*) = O.rTt'f T@g -•»»'* 

7"= 4-i^r ?-wV f j -(?)(o.7Yw;) 

» a.2S92‘vf+0.77S20j, a 7f~ OJ71YU7* <1 

"5 * 4 -4 “£>• t '»* a K+it 
= i(Y)(o.iz»jJi- ?(°./7zaX < T-) 

m0.2S9Zu>i + 0,oznuli-a.°oWu>2 Tf- 0.2176 A) z <1 
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(rot)<l » jiFrrl. X (,“te)i 
CoQSXTVrf For (Pot} PRom (>) 

w, ^^a), » j (**>arjg W 

u¥*i : mx' l * . t 

» A L - ■ ■ J ^_f 8 

*&, c ‘ *■“ ' (?*)» —'* 

s (Vc^i^rh 

l u '*) t ~-k< il t*h-**>>*■ (Jf) 

FQh )i io,-[y f J = 4 

2 -«}«? 

= P-k^e -uj,c 

^4W,« +•»,(•-*)) ^ 
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D4 7UM 


* " 1 ° 1 1 

A ft S7H'K *S ifHET& B. 

/T^ flrruMf PtnrrmY 
W ” ei^-nc i~if*cr *h> 

Ep____p9Bll__ Priori cot*, or tmtiK- 
rvcKot, 'l-rjf", 

p/Ko ; Just nrif'i >t*t>*cr{o) iu O’ or e*c* &**&*£. 

(*) pifMi vm.oc'Tf o* ene* rBHpPC 


VUtKO 


17.130 continued 

0O7/H = aj = e-o.t i-zsrt 

A*}-, uj. Z! * 2 ^~ iu^LXM^/y 

ecus) (u„) -. !+ ■■ %— cu .- ' - a - s ■ i.!k> ~J/ S » 4.m-W/ x _5 

<+1£- 

<?onseit'</yr/trr op AvctO j?oc o<>: mo*s •!* 
o~> 


KVrXj U' 1 

pU 7 3 --/^y^; 

»*-'“*»* 

1/ys+AfgA /^.= ° 

A ♦£ '£^2 

ht/.iSft * > S81 t* h = 0.232 « 


©„= %% /f v ° s^/os-y 


£ o/vrmnr»o'’ <^c s^efi^y i 77 = K 

mMh Z_ 

A , a T S, Tffl /0> >V -^3 *" 


t r ^ - . --^r %- 

w.-i s 

> ■' *■ 


PJ 7t s £**%% 

?,’ *j-zr ~^‘V fad **■) 

7j * f- 4M. *°% 


~r,tV, rj t i-v, ’ Cj- ~ tmL^l ~ 4 i *V r 3 J- (I) 

/A7//K7 : / Poo /Ia Amss.-w 

A Ot t o . . +7 MftA-r^/VPX Ogonr O 

/f 7** r Iftkl * '* , , 

^ " /f^/ 3 -faml *> t **n[lt)l»,-lF*iy 

M>»*£ * **?•"$ - /Jr""'*, ’ /WHJ, W 

4~i’(c"7-fas)j]ctr**)>- (*) 

too CD ! AJHSf 

C Sr Kj“ xjA^WfA Vt ABOUT C 


C * -Y- nmvyr 

r ^1 fflgj, 0 7^J2jr 

■ + • = «bv. 


(rot)r = ■* 

(l-Mjr * ( t H : ,) I l3~) 


Sd-UATB (S 4 l)r FUo~ (*)*r‘o(t) 


caf7, p> Qtt7>Tv7wn : 
n 7t C A 

T iV^ n >4 




/**fner ueiocu ngs 


(r^* rlu+Jj- r(*„) s j ^ W J 3 -- 


_YT>&s7}7l>7e r*7o (Y) 


O/, “ f t'fojlj V ^*4 

^4* 7TH- 


lcon7/^ueo) 


- /'i(vt). 


+~) hom&'ts /reoo 7 £ •' i(^> a \cc. 

( ‘faXj 1 ° 


f CaH7>''Vto) 


7.130 


< S/wftv .' IV rta - ^ 


1 M ‘ B 

i,y_. 


» co . 3M 

Coe f. o* net7/To7*>* 

e»<ag 

SYstf~) is nciesittv 
**&« (?«•- //v 
Pos^ott SlICKtl*! 

Flit O '. MAjt HrOto OH He Q 
~ ^ 
-pMeui* \ 1 /t/CM KoO CD 

\Mtti 6b7A7* orren 

me ipioecr. 


(c X ) /MMroio7£LY (\F-7trt looter 

s ’bo fee o iv«? poll* tv ir.-ruj, 

* - x \ x^-/ Mcixuor ASouT £ 

YJ?' l r7"'\b a ^fti-13 ■< 

1^22 «-0 


{• V( 

iy«<=o /put \ 


Zfsewe 8 ■ 
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VUtrO 


17.131 continued 

cowo** Bor* s-pteec r /rs a sys7&A 

^O-GO-^ 0 ^ 

J * i(*h 'Metfx 

£YSX MoMirnA . ■* Sts 7 , e» 7 , /m, 0 . _J - SYST mmasmta , 

-±. COMP/yfEMTS- "*+ 

V-MX +(**>* 0) 

pEtA 7 /ve vcLociTies {c - /) 

(' a J 7 ~(**),' lz) 

ADO EO(. 0 ) Am, fi): 2 \T t e 7^J. ) (Yg)*Y~* 

CuS7W*7 £&(l)i*ru» F«(0! Cr» i&Oj* ° 

(t>)A407/0/V after SFAEKEs S7ftar Rgccime uhifo/smsY 


Note : ~n**£ iHrenvAL /s Mo 7 samail aho 
1m fusts OF Fthe7/a* FORBES /must at /mccpOe.O 
S7* ew ft . ncu.fi (-\s a ) 3 -r hu A ) 


17.132 




srsr. FstouteFTF. -he~rcr. erT. imp — srsr: mkma/smta 


t~iMoMenr s AHauT O'. 7.00,^ 1 (eu^ % Fnn(^ n ) 2 F 

fF-r'iO, - ^n»r 2 ( <u„) 3 F sin rV*U) 3 

7^Ji“ y 

m,) = r(tu* ) 3 'f'-**'. - 43 (1*) 3 : f v; — ◄ 

Sf’MfUtr Q i lfru.t: (V e ) 3 = r(*±)j 

&• 

j»l f L 

SYS7 MOMENTA _ + SYS? FfT IMP , *r SYS7. itiav^l!) , 

-t- 5 AFONtgNTS ASOU7 J> / 

. 7 ^ 71/ f~ -c r'(tVg)j*--m h ( Uj e)j 

(U+) s = f Bur, <u l -‘% 

1*bV f ** > 


Given : Sail booneat 
as shown. 

FrNO : tv* /■* tf&tV 
of ■£„ amo r 


S^/MCE 7*£ L/MIA/} At") ArUDlAH VFtOElTlES ABF 
CHANiED Pvrt’MA A FMOG7 /H—fBVAl. At., g OT/I 

The nohmal Amo ffhcTaa Feet/tT AIZf //aPVLSi\£ 
l HE ASSUME 7HA7 Me SI lPF>IS>i oecjn.%. 

Foe tas velocity of the hail tc, f.f 

ft(■/msec A7 fash impact, we most have at (Ehmt a. 

IjEFcJsFIMPAt7 AFTAFS /A • PAC7 

- <?s‘ 0 )i'.: 


i M'Pncl A7 A ! 

/***. 


Fit t tt*t 


STS 7 . +- S YS K FT 7 , /M tf) ^ =, SYSt, MOMenTt H 

Ai/AOMEN7S ABOUT C . 

JT fU/f— (on TjJ POs£P°)f * -2 lu}, 7(n*COStjO^F 

SOSS7>7)7F : log - U>„ - «i 

Vt,' » -ii, * Tb 

^>7 tt»„ ■■ 7(nnlF 0 PF>S So*)r 
('>n'£i,coSi*')r 




j' =£*; 


YSHjMMAfiY 


/ A/i 7 tAk MQ71Q*/ 


Jus 7 *FTtn 1 A*0*7 


FINAL (umiEMm) M 07 / 0 N 
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17.133 and 17.134 


G/Vru : ,3 »il ft /r Qoiunt 

Iv/TNooT yvA/p** /7“ 

A/7S &+lc &. fb£P, cjf 
k'»P T>e FdKTf&M fC 

ftSSUn/r. £ /*!'■• F+C71Y JT.’/ISTK 


/2'7? 

pu*0: (*) 'V to-rj to C*P 

fuc* 90u t I A ) 1* Apr*/? 
/7 3~*«7r Goto** 

'^^JLU^==LL12Z* J ~s*o fCjupmoH or path or J3 aip a 
Pf/OfUM /?. /3 ? 

£7) Mb 7/^a/ /MAA£t>/p?fiy AF7evL /a*pact- 


FQ/e T/oa/ *+nctri An* M>» /^Pi/lStvr / V7*tJ 
OH6ULM r>*o*nrn-rv** (t*#0 7»of Co) or £• Aon &*U~. 

/£ U*‘ CHA*»6*Q. W# CoL * <3 " 

fl//9 5V^f &Alt A ^v/ra f2o : 


tV 


o, fl v S-/.S i, ■*•«* 65 ) 


/.OCiK/m Do'-'K'^pno 


5 p00*o*'O=,-e 

“"ft 

jfKrr + j'rfT /«* = s"tst. 

- ■ » -—- 0 -#/ — ' 

-i CorrPtvtvtt 1 -ovi^ fosS> *" V’g (’ll 

-ft COnpo-tHT, C.F MU „! <mir t S'*& ** 'Hl/Vjfr 

* "t*, ■*'* £3 (?■ 

Port n/vmc irrfACT f-i 

Vq -W) y r V a £OS&> ( 3 ■ 

Soivi*4 £mwi7*rJrovtlY fibs(>) Ar-0 fit 

(^i)~ /♦) 

Mq-tiq* >MMf 0 ,/\THy im/per ; 


, (f ©* 


^y a ’) j!« = aix»<9^ 

"* -y s ' » <^0 6 


^ F/HAL vEl OOTY OF ball gi 


17.133 and 17.134 continued 

}l/71Kl£yr Coc/ms poto/rrvtao or* erut A 

3 life' a., 

/''j ~N -fjs.r&t. fCc:6 j) 

te)7y y Yqf i 0 sm» i 

-> 

^x* ««"~x 7*1 r #*u H flout wTMurrsufp#/ tv y pui#ma* 
I%1 * (&*)% *?•?!■'■ “(v * 1 s ‘ /ofi * 4-Ji* t-h. - +■ 't'o j 
fiisvMPT/y* /s c<*neec T 

7XF 3 rc/uw/r of vetoonr n const*-*/ uno ruuS 
7tH 3 CaoncrrATt AT A/r 7*r*t- t It 

tj m ^'S lit 

^ <3 A *,+,* ?r C a«*: 7/tfv <5>f7W/yjv £tA*4.C A**9 7*t&LF 

Sau a ruis tfno Si/aes >* m? v ymtcTtu* 

+,y can/tv/vTS: O 7 t - ^teVtJv 

W«i)v r -%3< 

T'ivo** u 

£i ZrTr-rt- FC.S (t) At.o(X> 

t- ?/( f.Go) ; X‘i ; 


/ 

@ f Par* /ia 

( PbnAHoL* 


2l pros At'O 

titufScr.L* MOT^xAr gpp/W V'/Mf* 


— (y “ T 

*•3 /*&***•»■ rtgoer & 1 a ypeasP) - (-fa »s «V ■ ./ *», 
~ ^cosrc f Jr 

_ , . 1 a, cost* 

noumi h-'Travr tao/rrt &fXrrry w*f* ~ —. - ---- 
. , , ' “fk 3 

‘ -f* Z 

S*.*): *y e z J 7iStf % ^-~ 


&■ ©:■ ©%.. 

^r>T7~ Mpr.trV7 A ■* CYST, err, !V P ,_, - ^-*^7, MO^rvlA , 

+-}ATOMerrTS FHSco- z>: ~’( v lh r fr) 

l/v<r litCALL■• Ug=YT,ros& Arro 2 n i nvr'~ 

sin jpeus: (%) 4 * r/■ 

£Cr(t y- mirV', cas& = y ■*/(io^) t -i-->"r(ujg) % r 

tek),* f ^c-osS) fiSg^c r(ur a ) z —► 

l?»)t ^y^oCct6> i ^ 

(c Or/rTnu/O) 


- • 2 ■i'L'fAPClX*' 

JrdOy- 3f * V r T - 


flrui vtt.oa7>ei 

(VN/POrtrr /ACt TJtfV ) 

kn)^’ % r ""® 


4»,K 


4 r *k*j (Yt) 2 > ? S. cos S’ i 
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17.136 continued 



(• . 



, Pq/MC/ttf OF /MFVtSt -/eOMSmTOH 

tot _ . _ f 

.V 



+ 1 » 

Ft 

r t>* 

SyxZ FicmtFmTA , + £TST r*T. /*« ^_, - IT ST, MOMemTA t 
-i) w^frm mpaoT f) ; FL r - jtu 

SU/lSTFMe Fez f/1 , _ _ 

V-^-0*r- 


(s) 


0ft7/i - - o./J, ^ ?r", <ir« r » o./ 2 -m 

£>• //A/htrJif—s 




. (ts-zs) 



V< j 

S» ?«s;s&nj(tr' U )j 

**»■ t *7.Hs 

17.137 


<^«r; '-♦i »«-«f 

CYiMtPl FT /UK~ 
plAceo oh itu-_ 

U/r/H A70 7JOV 

Strain uhifolm 

F'hq '. (*i monte*. 
of etva-uTroms Beooirmv. (t) r>/-t /mme^t O./sctweet 


r^m 

/a 




/»» 


\*»ur S4/P?//* cxrvmSt 
ffZKj^O //cosg -^5*^ 




A'- 


*»3 


0) 


or 

Ftm cru*amu Si/FP /hf ocootti on re. u>^fr 
-eryfius v: /oip* Fr* mTomemr of F FQooT A 


U t A^©= /=rat 


O toy/ //r£> = ^-»r’ 

1 7 Tr,V X / _ I *,«•’ COFF -f'tkt/FO 

<£>* i--- • rr - I ~r • -—- 


77rU-f7i ! 


■**3 


<£>• 7 'r^r £<*,< **» 


^e r S 

Pfc/AJC'PtG- OF* A~*Q**£Tr7V* 1 


& 


© 


+ ^} MtMe tf/7% FO&aoT A I /-£■ r-T Juj 

^o/ M tot r~i -mtr% %) 
ZTo4S?'7tiTr Fit* HI 


-*(\ 


Colfl ♦ Hx S'”? 


-.— )tr* Jfinrir 
■ma f 


i* J-~(cost+hS-ii) 


( 3 ) 


P*7A : Ff t - O./t, (3'3s’. -I r= SC-,/s, r- O.I2-* 

6 r ass.as-,*( — j) <£)= !3i.i 

Fail) £ w ?s-/s - \uA7i%(o.<T)sm ir] 

t'&.Zt* 


434 








GWjv: Roe /?& IS 

if /Yi>. A SLUH7 MoTKf\ 
<•(«* u-rte 
P"H> : (*) Mi* ft 
ujh*~ Koe loses 
Cof'WIcr ihwi 
Cone*** 

(t)Coenestofsini V. 


i>/i >tm 3S-3 &uu*t pan 

VH 7 * Ifo* ‘fOO-rt'Ji Of a*** 

&e$tDO*o //* At m ASmf. 

Mur or PIATT « 343 


K/hCma tkS 


Fmo: (a) oj Josr ermo 

BuurT geeaa*i fnanon. 

{b) tMPUl 5 /Vi* Qe/uTko 1 at A. 


csyjz /AoMCHTA , A- JYST. £*7 

+2 y/OMpns /t&ao7 4’ 

'*’17$ * 1 ie» - 7**7T ^ 


jsys/. MK 1 WH H. * S TSZ Pf7 A' "/. 
■72 ATOl^te/TS smou7 0: vrt . 


3 . -v .« 0 _ i_ frj.r>!ShtH¥COK 
y amu ~ Tj 13A,rflaSw,J 


7T: A, it -.jv, ~ , -~*v, 

A , (a, eon- m) - (0.0 7j* !> X7oc—,/c 
A,l0.OCISi)~ 
r: /^ 3 At 70 

A±(o. cm Sr) - (o.o 3 T-*tX‘'*‘~/ t )L i 


0.79/iT, IA9 


— 

l 

IT 

(g/v/ty; Umpoom ttLoek 

J 

Jusr astfs a penrecTir 



ftfiSTK. IMPACT AT 8 

m 

1 

F"*>- (*)*>> f^T. 
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I^Skr OF s-*Me 
TMAZHAt+n A*'9 $<4~r£- *t07m*AL 
P/ftC Q /S AT GH7 \**£ff 
IT rc p rlcVP? rj e~ Of ST F 

Kho*»nf Vv, r 19 tb, 

F/kp : (a) &t»AL ^ of p»rvr 

(tiCUA*6f /n Ufst*7»c P*jpv 4 v 


■I/* Ipl/nt* f**,' + ji (2-%q)t l « ■fc(7A 6 )L 

safo: ,-j >r*) * ji fi-ts/i ’ «j 

*4* •»»»») US,Z iS-iffTn 

lb) F*tq t Y! (<**■ M/vtr MF ra J/ ( ) 

, Oj, * //Oy». ( j3J- tnndfs ■=/**/* mJ/- 
**/ * l*rr raM) = ?./£/ r«J/s 

X - fZ. * *■[» "■<# 

?-?«*.** */SHrmc<i)\ Z.MoJ 

P»f**Y loST m /.S'joj-S.rsaj *B.8Zj 


* 

tpr * * —— / i~o£> ip)* ‘tn.m m 

fc)j**££t ! lV"<*3 = fO**V 2 r/ 

-J M fa r «’ 

l V'*" > ; w 's (-$&&»•) - ^ * 

IHI7TM U/HTP/c fb’ETU r tu A * Sbc>,fm( j£~) » SZ3t nA/j- 

T* i [? £? fs.vtfb.it 

0/ ( * *ns*t -/>*■ (z)’ r *f3- 72% r*J/y 

t-ifoW” i[± &ii*y i mt&vY**™ -*? 

T a * 7 ffss-ft-n 

JF/mteY less : AT*7,-7,* 77,ies(l/i,-?s*ry(f.ib 

/XT* - /x.*c, ft. A 


&/'*?// . P/m 8 /s 

l&Mtuoto A**0 PIF7+ 
ABOUT 9 

p/*Q : M IO 4F7FTI 
fa* 0*717/**, 

(b) MtolMUM U) 


U 3 -I 't».i [ *«- * 

/?<6 

- 1 F* si/ovf 

«*'S ' -\i(-n)- 5 > °* = j4 9 

w-J * ^ » i’J. /BY {L{* ¥.B I r*j/r) ^ 

a fl*»»**■) I L. ... ■ 


P'*o : D/S7HHCC h /F 
8m l IS 7B S7-1V7 

fitUl 1M* WITHOUT SL*oi*S 


•} MoM^7S A 80 V 7 £ ; (PM) h-lsJ. 

, CO*>ru*SM7f PM r i„\S. 


W*-»j 


ril5 ^(h)-i^s 

£(”■*)= *■*>* 
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17.146 [ 


(S/vr* : 7?go-/b fVBet 

33’Jti SMHtt- \t/7» •z£- /VSOCtfc 
AS S/tcw/H 

-r*o T/tans p/arymT HeHtiooT/c. 
MyTsoti ASSVMMj f?£con T/Mz 
or At* 0.6 *£ 

rrA,i.i_ F)/*v : (»)/rtPOL£rtF 

Setcr/erot at fro* 

A no ere* Tuah. 

90 la--I 8 (b) ir -TOA US Co 

not e/PnT A»Y Hotel. notice 


loo (jm/ pari not 


• y. iw° 


_ r 

?Oj* tt 


S. YST. H>ONfN7A , V sysr, JrsT. , r STr T. i 

4* oortroAjpoT^t 3S^At - ^ *»s ys° 

j^o.ts) ~ l sort/ s yes «* 

SyC /arf.H/tt /<5/v <6 —- * 

+y Mor’rrtTT aCoot At 2 8^ at (90 A.) r ;n 3{")(Het^J 

7g^(0.is) I *O"0 »/ Co/t )oot 3S‘(‘tO ’*) 

HSo.Z/ 6 B^HS/lb f * 

+1 Cot* (b/v/Ht rr: 5*y»/M #- 28 3 {\i e *nj x St* ss ' 

S(AegJlo.io) y/*si'/>) n*SS' 

AT/J f - 7/0. S /> 

fl+v&etti-ye.i/b * 

Ud Terns Hot eeooro B y - a . a 

— CcA'i/’atttxTx ■ q + o r 

o..(i2± X ^r^ }cos3 sW^-V^ 

'ij-a* 5! S’/ fVf « * 7. «7 ns/jr — * 


17.Cl 


lll^y *(jt f L *>ft* ^ 

tCOH 7) HOt-0) 


17.C1 continued 

PesmoX T) 

I - —. I 


pQST>e* (^Z) 


C.j\gtt< Pod a a 

S~-4s c**-r C 

Poo net en* o mo* 

> h , 

3? tiexr vote* 3c 3 o. 

TtstO ) 

/ t 5 « O- 3o“ to 
-9o‘ OS/tti to * 
PfCOt***"TT . 

-; ALSO, Htt-tO & rot 

HiAytntM C c Totor-r Anq 
t?oritl&pcjs*oii*i 1 C e 


H>ne AtATtcs A<StL life) At* iTc * I 6 

e &’ & " * “"H - 

? c , J ■* v^» £ y «u | 


JVJT rwetr/ A, t fr^T *./7, tri p. _. ' 

^ 0»0j- r 

o - ^7f c v r e t ^ to rt» & x 

C-^C*■ ~tni) < = - ^3 i <S» 




7/tf* Q< J7**£A r 

© W-3 , 


Mji. 





^ ^ ^//» <9, |/ 2 f Sin & 9 -1 "*n "*** L 

T.CO 7i= l~ e i'S r£j / o\±.*r„ a V* 

or ' 1 » V* (■ft t <fu{,i.o)%^i^cisa)‘ l 

v\ Lrtt'tm *y jfl a «o * 

= ^/co#»»(7))V (coerrQ)UHttt* * 5'^]'“' 

tr*« < 

7»" j {■*\.l c orr'~(Tj + 2 t Tn^lCottrll))]* 1 

4V Arfm ®i\ u '' (• 

T,tv,'7 t i'r t i o + • j [co»f»*@j4>’Y «j» a £ ■*/* 

, <%,94 ( Sir <£>, - a) 

w * — # 

OlTt/ttf er p/loitiAtf . 

TCt7i%> OATA > / -t.7to, -»{- =^f^e, *n„ a rS4lg, So". 
PZbSKAM ttt SAOMfttCe TOS.(3)j (iO.AttofS) VttttCM 
CotTHut* rue 7/tese cot-rrttrAttTS, Zttrr fvtottA** 
&ZS. (/) Attn (*) TttAT t ttyoo t£ (t'£ r*t> (S a )^ 

T'tAlOA7ir At<0 P/Ztt- T 

e>. *i. *, (*•)) 


Linear velocities positive to the right and up 
Onega positive clockwise 


theta 

omega 

vABsO 

vC 

vBx 

vBy 

deg. 

rad/s 

a/s 

m/s 

m/s 

m/s 

30.00 

0.000 

0.000 

0.000 

0.000 

0.000 

20.00 

2.002 

1.157 

-0.154 

0.667 

-2.257 

10.00 

2.841 

1.689 

-0.111 

0.481 

-3.358 

0.00 

3.502 

2.101 

0.000 

0.000 

-4.202 

-10.00 

4.082 

2.427 

0.159 

-0.691 

-4.824 

-20.00 

4.621 

2.672 

0.356 

-1.541 

-5.211 

-30.00 

5.136 

2.837 

0.578 

-2.504 

-5.338 

-40.00 

5.631 

2.923 

0.814 

-3.529 

-5.177 

-50.00 

6.098 

2.933 

1.051 

-4.555 

-4.704 

-60.00 

6.516 

2.881 

1.270 

-5.502 

-3.910 

-70.00 

6.854 

2.795 

1.449 

-6.279 

-2.813 

-80.00 

7.076 

2.715 

1.568 

-6.795 

-1.475 

-90.00 

7.154 

2.683 

1.610 

-6.975 

-0.000 

Find maximum velocity of cart 

to ths 

left. 


19.70 

2.0315 

1.1760 

-0.15408479 


19.69 

2.0325 

1.1766 

-0.15408483 


19.68 

2.0335 

1.1772 

-0.15408479 



(% ) Mav 70 tep7 = o. ts-N/ey/c w/*^v &*/£?* 
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17.C2 



G/vrv : l *&oo ■*■■*>, <*, * 
a - 30 c- v« 

r?6p /1 f>ri0/>$ro rao~* 

Rrs7 v****' <£jzO 

ftno : to n*n> \\ 

Fort Minn on a 
w Frton* & to So* up/V 
^/ f“/netOMIo-TI' At.se 
Ftfto CO lx mo 
CoKtnrb-»nt VALof cn fi 


4° iMST.fottTrz At C 






Ujnoc/7y on fi t or^T (At) to 
0070 nt- Of PBoSOAo 

m sr&aumee, /)£> pt, A, cl} *c, / e/ <r, Vi. 
7'tM**lt mo pamjr ® ( A, C*J y *»*t> Ab* v/rlues on £> 
Fttem O to Si>‘ AT J* /n>7f«ynts. 


17j?3 Q Q Q 

L 

I'*!***! k-U-l 

QJ'UpB - lO-o-. pAOlVt StHHif f?tXtS o-rm 8Aflt 
yr/7/tc*>7 St/FW'vt . XMtomt 7M/)~ oj 0 . / CroJJs J 
Ar“0 Assun/nt PertnetztY ft/STc /n*FK7s . /«£,/? tJ * ho. 
7b £/n. Us/~£ O.G~/n. /*OCfW^7y 

/?/vg A C«> (S' mjs« p/ne*7ir ABO-** <3 

On) Hoto/lm on gnat 7 ns snnnren *nu. 

GPU Ay on AF701 L BAY ties g/fr A 


Dt-fit-AV • 1 ) f>’=(ae)^ns. 

eo.W&.ft.-.g ; -^i* 

Awt Anon-SHT of /non 71A OlSOU~ /AST, CAn, 7 on 

X c 7 2+-nn^(cB) i *.(o*)'^ 

l c -^2 **’*-'* <«-*)*] (■/) 

tTxvaVan7(»> <y POtTTxs r 

7 « d> , V, >• 

a - iV ^ ^ 

/*• / «£“'*’ *<=- /?->o fgt fo*8) 

TV *4* /7>-'4 o+£" i lo'u* - h 

,..2. ao 


mr ,r«* 
W 5 "* 


>7r _ 

r(f-cased fy* r **t _/» ** 


-1*4^ k 

CO*it**?* 0* O* J*+£K6V ^ -» * 

^=0 ; ;r» y 2«;V j'*'%"» ^V* J r Y' r*/'* +'■’)*'( 

; ■£■ - j ~ **,' 

i-m(-i't-r’) «(,*■■ ^-W-4 Vr}**- -otgi 

«> ".’+ w 

' 4 + <•* 

Arm, mtpner m s > Frnme Botajifs about 8 

CoHSSQvn7/ent on 

/1 *"t. A «on-rmvn\ m>etn 8 

(<s 2 \ - rrVs) J:z 

iLsi^T* v 'v© ' 


J 3f/*/!o tnpAtT Mg A F Tint imrAl m S 

T)Ma*t&frT ABoo~ 8 l 2•>,-*■ ('•*'*! cot 7»)r * 2m t *- »»ar r 
^*1 -4'(w. * Kojj 7A to t r *4 u* # 

*»■ -*A-:;r“ -, 4» 

(-Pit- tto-MAA neoor 8 On T/t tS ts ASoYf 8 


L ■ 800 ma 

a » 200 

ma ■ 

e 5 kg 

theta 

h 

omega 

vA 

deg 

am 

red / s 

■/a 

0.000 

0.000 

0.000 

0.000 

5.000 

17.365 

1.911 

0.385 

10.000 

34.194 

2.680 

0.553 

15.000 

49.938 

3.235 

0.693 

20.000 

64.014 

3.648 

0.826 

25.000 

75.786 

3.934 

0.958 

30.000 

84.530 

4.079 

1.088 

35.000 

89.389 

4.051 

1.208 

40.000 

89.295 

3.811 

1.299 

45.000 

82.843 

3.325 

1.330 

50.000 

68.067 

2.592 

1.255 


********************************************* 
rind theta for eax omega 


theta 

h 

omege M4M 

deg 

ma 

red / e 

31.810 

86.788 

4.0907731056 

31.820 

86.799 

4.0907735825 

31.830 

86.810 

4.0907735825 

31.840 

86.821 

4.0907731056 


l r ° 5 7J ■ t ■m(jL*7‘ x ) u i 

Ti*-v t 7 T,<-Vj ; 

■A-«r/'-4Vr^/u, --"9 ’ S'- 44* r? 


(COFT/*ueo) 
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17.C3 continued 


a t , /j* 

\ue o : iu t * *>„ ■+ ~J^T7* 

*■- 4t\r'c~» 

* r* 

, * * *9* 


2 ■»- <e n 


U)j /r A»/ui** a*cec/ 7 r or SP*b*g fit & Pfism 

o v*x g, 1 7*'/r // srs*o*>~ a< co f t/+ fko*r*+ P/wwJ 

SPvfZf ffiLt r#o*~ 7** (■*-/) b** rtf r** t» 8Ak. 




10.000 in. 


omegaO = 1.500 rad/s 


Distance 

omega when 

Number of bars 

between bars 

0 Is over B 

sphere rolls over 

In. 

rad/s 


1.0 

1.494 

491 

l.S 

1.487 

169 

2.0 

1.476 

76 

2.5 

1.460 

40 

3.0 

1.438 

23 

3.5 

1.409 

14 

4.0 

1.370 

9 

4.5 

1.319 

6 

5.0 

1.252 

4 

5.5 

1.164 

3 

6.0 

1.047 

2 


/tore j ata« fp***:* fails r* ee*** 

A P0M7/O# i**7H £ A&& , £ S 


^L>- 

G/vry. -*>c * -?.f 


sTQMt: J). }fop/% 

*■ jab 1 

UK i7QM7CMr0 


Jrp/7* < (;». fao-p* 


&>P o*o pus: 


r ,/i j t . _ J 


J.g. <J> J-4J0 • * 


■»-' I——I 

OUTt/Pp OF pttotof** 

/6 - . .s 

Jr men OAlQ •■ Y ” 7f a*a - At" »•’••'/; -ft ’■«>.» 

_ # / fllf. 

/=AC <y- jfft 70 ^ ft J iMC<U~*«7 JJ fk 

f = CPk -»js-/ Tc> /COCi j fH cn* * / 

0” {*%') 

A » r( / - <sox <£>) 

oj, * I at** *3 h /(-k Vr}J 1 

u t - [(4 *♦ r*«J 70)//£'+'')} w, 

Uly r f «A ? ~ *3 >’//■&**■’’*)} * 

//» »./ PF/HT tO f (a JS Aetrrp a 

IP JUy <o — STOP, 

(t! is A/o**Bee op Boat 
noil Pi ovek) 


iH,* JO nJJt 
fv*Q : <*> P’0 tCt/^ /we M4iv4T 
o* r po*** Soo **•» tv <«r 

2S’*n? /HCfZgH—Ti. P\LS£> f=/NO fT 


CQ»^#yMT4a»V <9/ A»<ZOL lf*£ /*,%G**7 & 

■*4^0’ 

' ^nr jL ^1^4 7 4i — ra> 

c ° ^ V <’ 

t VwMyf osaoi O '- J^y-w t£t; * .*t{r 


+*'iH 

* •> >■ 


w V-r *< 


CcpiseigYQ-noo of pntest r 

O 'to-r.l^ 

H-C —1 


SPG*»i V*C¥f*f+r* 


STQfTCA A 


T ,’ j^*.**" i t »l* ; •cV- j^Y£*'»• c^W* k =a 

ik-it* 

* ^ Tj«>*/- ^ arrV»'y 

75 * *tf,yi»rr?“V ^ r^’ 

T*Vi~7t TV) : £(i a + » £(X t +*r)* > ’'*- 5 y /-A/V- rj 

• 2 ^.- •^ r - 1 /J] Vl 

oort/yvs C.P PeOPHtF* ■ 

/foie *7 0*7»: c -*3,F/ 0 ' 1 C-o-f’T.i* ?SOPJn opo 

U>.- JO rtujjf 

Fnotapp JFQ(t) fiPOTPSHfOh). fwuooTtr APO P&»7 

u> a*o i/Aiuos op r acjw o. r*. ?» £>.’-». 

c?7 o.ofi'pi /A>cnc-p>P*?s. TPt* spt* imct 


r 

omega 

v radial 

mm 

rad/s 

■/« 

500.00 

10.000 

0.000 

525.00 

9.352 

1.486 

550.00 

8.757 

1.962 

575.00 

8.211 

2.221 

600.00 

7.708 

2.341 

625.00 

7.246 

2.346 

650.00 

6.820 

2.239 

675.00 

6.428 

2.007 

700.00 

6.066 

1.599 


ximum (where vr ■ 0) 
omega lv radlalj'2 


0.0014211 

0.0004968 

-0.0004275 

-0.0013555 
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17.C5 

&/ v/w . 1 ^ » Jo /<?. 


B*q$ 4f?e RviJMsMp 

P9%M^BBHpfPRpK«V 

1 ^ 7 - **** 6 rO. 


^r-'"''' F ""» y «3 


Fa** VA 10 *} OF *S> FCo~> 


O TO <?o‘ Vi/'ivi /O /AK/2CfO*iTS 

l A , l A . % 
p-^- A -- 

y, / ^ 

f - *13 I? 


0 


Br'"3 

y 

h • j 


(S' 1 ""? 0 


/<7«i g<- Poona** it 


*i» r " 


j t£ r ^» 
*0^4 


tiller)* 


}HSTA»7*r*ft>*X rt~"+€ 

Q&*8C*L pr H67*TtO» c* £p 

/V A Acp : CO* ?l %im & ( 

,tf 0 c £p t (i*** o» Cocr»id 

(fcft: fco)\(**)'-2feeX^) tasty-eb 

it. [(Co)\(hi)'- (. 

Cons&*v*n*or* or * ■'•*-«6 r 

l^-o ir *■ o 

l/ f r - f~rrg(£ S'"&) • - -7»fj/ Sm& 

T » k + *I k £ * 4 / * n a,'- h ^ Iu, 9o 

= 7 -'.i).J t-£ +l(£t)v *- i( 

~r z - [ t+£+£ (tcA- £ ] *z*"’ 

T,+V, 'T 9 iV * 

O + O - - "wg L si*rCS + [s'* >l( 2 ~J j ani us 

\ i>V3 & '« ® 1 'fc / 

Velocity of p : y » (co)l» (•> 

Ou72/**E CP- Poot os >w i 

£i*Tm L - 30,*' * i.Sft^ j- Si.7fl*i*- 

frot***, sequence fas. 0), f*l (i). *■■<> <V 

EYALM7E *ft*t> POJ/Y7- US 4 y*o tT 0 real iftLotr 

&P e Fees* Q To 9o‘ US//*i /o" /WH6HUf»7S. 


that* 

omnga 

vD 

dag. 

rad/a 

ft/a 

0 

0.0000 

0.0000 

10 

2.4806 

2.1537 

20 

3.1277 

5.3487 

30 

3.3226 

8.3066 

40 

3.3302 

10.7031 

SO 

3.2746 

12.5423 

60 

3.2088 

13.8945 

70 

3.1544 

14.8210 

BO 

3.1198 

15.3622 

90 

3.1081 

15.5403 
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&iv/en: 

JvM v/JiToR^ rods ab 
fitJ 5 CE AH.Z ^BLDCS) at 
A1 I pP0"SrS £>. 
f\ASS OF C*CH ROD - 1,5 (g 
(.ENCTH ~6O0mm 
PlSSCnBLY H-&3 
P Con/srMVT AMS. VEX 

' c*)~ !Z rad/*- 

Find : 

mg. /momentum H . 


Gtveut 

REc.TAi0AOi.OR Pif>ir 
5v+owN Weighs 18it> 
AW> Rotated with 
constant cJ= 5 raJ/s 
FIND: 

fyvI&VUVR M6MCW713H 
H A’SOoT MASS 

L CENTER &• 


S|K/tf Rod ft 8 HA* mom. Bp INF (? TI a HO F-ec-ol 
ftXIS OF Rut* TiqW, OA/£.V £0D CE cow re iBOThs 
To anguuvr momentum. 

u< S’intc cp-= 300 «. a. 


W; : cO cos 8 

£«i_> =■ £*J 5lf> 8 

4=° 

J *VZ.(I0./O): 

H - I d> =0 

*' V ■*< 


cos^-r iif 0=^' 
300 

i&IAA T*S FH-lMt \Ofic 
CBo/TRcIO* L a »5 S 
A-’ y'* , vs? H * Op 


4,. = ~T\l l 

S’ z ., 




I | U * 

b -jvl 9 P^NClfAL CFfV7&>/D*L 

| a, 

1^. TOpf WF Wove 

uJ # ' r - <0 s/tl 0 

/ - - i>l t J r Syr\(a'ft>') J =-!_ ftl a.’ 

V 12 1 It 1 > t- ,1 

(A/Mfc f US. (IB.to) \ 

f-i » / iO r i in iwo cji fl 
_4* ** // 

Hf I -Zj,0iy -0 

Hy ? t*)^. - - Z it) tltO 6 <* 0 

vA/e (*-AvE 


’ ‘5 r ’ < ^' = ^ 7 »t 1 <J sin6 

~£0‘S k sX°‘ & rod/s)sin hi, hi 0 - 0-357 
h D s O.lSlfym'/si toy: ^»u;^s90 ( 


H & = H x ,i' +H r i V * <t *’ 


Given ; 

THIN t tfOMOftENEOUS t)lSK 
OF HAS6 tT) AMD Radh£ fc, 
5PWs AT Constant J^ate . 
FORK-ENDED Rod SPiN* 
^ aT Constant rate c-X t 

Find: 

angolar, Momentum H, 
OF Dl^tR. 


SlNce Ttie F ) V,'l A/fi *Re PRiNfiPH*. Cz 
A/?S, W?ChnVs 5US XIB./O) <*jnv 
1^~ r Sf>l i 1 , I a = J' n?4 '* 
cS> x —Q, r <0, , r <4 


OTilotlAL 


AND H/RlTF' 


K, - X «o =• o 


n r i4 = 

7 w ' k ‘°/ 

H k) 


tV*E«e i' y lc’ r*c yw/T oecjots floA& 7ke 

*;j;r axes' 

H =±-mt> , '*Ja>iOl' - Xwa‘<0 5.H0 /c' 

^s- 12 - >i 

To /?E7vev 70 r*r0Ci6"'/A| A'czi, ivc 

.Vy7? 7 HAT 

_i’ = J tcufj y-_Ar 3«'oi) A'~ ~l Sio# + k-coi 8 

TH FRF P‘0 PF 

H r l h casbsi'fit hr) + 

** n HZ It) a*ci>~(si ,) T ti - S1<A0MS& k ) 

■=• 1m to ^(4Lstf)'&+ k/idsO)i — (d l - t*j 31 rt 0 /r 

ly/V'r^ DATA l 

w=Qe/Qf(iZ-2 ft/s') * D-5S C I0 I Ib-s'/iC 
a. = X4*;»I.- ^ff b* = /ft 

7i+Ui; 

H r ' ^ 5 . 55 ^ 0 / tu l /n)^ [(‘i s^v u* u&F)o- 
(k-i) o. w26.565*co» 76. 

H-Co.oksb* ib-s/ft)oJ (iwi u*>tW) 

H J/0.0 7V53V /!>• fhs',) s -fA© F-S - ^ 0) 

ZE7Tiis/<r cS = 5 r^/i k 

b & 372 7 Hrft-i)i — ('0./l715Jb-ft-j)k (& 

H^fO.3 73 Ib-ff-‘s) ( -(0,t80jh-fh)£ ^ 
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g/v/ew ; 

tfO' / 06-E\)£OUS. DISK of 

MAS5 'Ttt Afgjj R,fl3<nJ!S t, 
MOtJrJ-reD ON 5PAF7 AB 
V HM ^ ? 5°. 

SPA FT «om-e£ with 

C-W/STplJT U3 . 

F^D : 

MJ6-LZ & FO(?MfD 6/ 
4£> Afvj> /wv£ .rioH-evTVH 

H 0F3>iSic about (3 

6 


GIV£N‘- 

HcsMcstiueous of 
WEl&Mr iVafili 

Ro7WTEb AF CONSTAf/T 
R*Tr tfO,- 12 r«4Jt, 
/tRH DA ROTATES AT 
CONST MT R/»Tg £O^*iik0 


Find: 
I * AtfGU 


“PW 


ANGULAR momentum 

H or JISK A0OU7 /B 
— A 

otA/rtR A, 


2 use TH[ PR irv Cl PAL 

U< CeF'TAoiDH'. AKBS 6xY*. 

j^t/V wfe l+A l/ft 

/ e A > V " t 

vA. J r = A 4 

2/^ - t*J sir\£ 

w»,: co cos ^ 

J t = 0 

t/SfNG- ^4$. (IB.I o): 

^,=■1 -Ti^^ A 

H . o 

u/£ 

H=Hl' + « $’ + f/ A 

WHt«e i' ( j', fc A-ee Tin? uwi7 vrc'/yRS wee"* 
T*e 

a- -nit v oO«>o^} i'-Fj infctoTO*^' (l) 

Ij^-L wCoj(- si*/!>£+Zcosp ) 

/Cyhk\ FM zs-fal'i) we p*vc 

Vv /\ 1 J cc * & 

i'A, C* 6 *-£kf*L (£) 


l» 

a>1* H 


C« 0 =• 




g(/7 £^.c~>ri m-ito (- sin/Si' + 2cei/i j’J. cO^ 

0< ( tBicfNiNi* THni £'j = Mb £• } - cosft, 

H • c*> = Z >«i'oV*)*^Sin' 1 ^ +2coCfi) 

*±mt'’CJ % (l+cos > p) (31 

A'50 |f/ 6 lu) = ^ *1 4 l tO*\/sjn‘/& + WfS 

= ± -»it l ( 0*/ / + 3 cos’/l (.*»• 

5UB57i7U7/lVr- F-I..V1 O) AMi)(^ III To ( Z ), 

Cr: F - ' + eM fr*-- 

\i + 3coi, L p> 

Fot, /b - 25-“ C7ie-ft?7i?& 0- //.©8* ^ 


/ W/e USE P«*;MClPft l CEWTQW&AL 

* ^ A z-’^Y. <Wc a a ur 

/"‘V V-f* fc ‘ 

A“°- *V=^ 

> z f^oM ttrt, (/0. /o; : 

(T/v^ 3 >Ata; °' 5V6 ^ b ’ 

4. = 5 io. c£>, = H raJ/j, c^~ if raJ/s 

=(b.Oif3/33 H)4t'i)}+(<>-27680tb"Hs)k < 

H 4 ~(o,OH 3/ lt>Jt-i)j + (0,73<) bMi)k ^ 


18.6 I * r.oln . <g(V/£ K// 

- : 1 M^ >w JF^■WEw ^ •. »«5k 

v OF 7 6 lb 

KOlftlEi AT roM‘_i/vO 
j/l j RA7C lb r ''^J< % 
5MATT 2>Ct f;-Ti)/L5 

1 J AT CDFIS7M/7 ^41 1 * 

^ii to. tO 2 = 0 rocl/t. 

f(N£.' AWA 1 Hri\v„/ T i. / ,|^oF2H5K ASouf /7S ceNTpR A, 

V 

a a W/E ost Principal cei>rr%i»FU 

-^ Axhs A*’^’a’, uA. aauc 

x> VV'T^i 

**.*«*, v*V‘V 0 

FCoM ytje. (Id, icy 

-o zl Ab* J/V A.-' ^ AiHi j) 

f/VEN 2JH7A; 0,/e^33S' 

4. rfi Jo.= C-1, = /6 rp^/i, 6rp<</i 

t* A * i ('P, 186 333)(|.)‘ [8i + 2 ()4;jj 

- (OJbSLH 't,,ft-s)U (0,b62 52 /b-ft-s)j 

H„r(0,\bS6 ibftyl f (0, 1 63 ^ 
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18.7 



5oLij> RectfWSvt-f'i. 
L?LePlPei> 'He*/!),' P iviji -JR, 


18.8 QiVtrt ', SOLID PnH*LL£lEf'tPlS) OfWifc 
/3,7 15 RtrPLfrLCD £>7 "OLLOSfJ OME MADE 
of 6 Twin Metal plates, 


ir r- T^res Aft T Tjjnw'i'.iMl F/ nd: (a)M a&nitode of ai^6, momentum m 


A at w oMST<.( r <••. ,= tj. 


Cfc) AVGCE TH*t foUHS WITH Ac’. 


f<N~: WE DE«7 dt* gyT I TtfF P«iWCipiH cTW7WO«C 

(Fi)MAtfV<T‘ LC '• <- - l /‘WMENTs .JF l/*E *371A , WE Ili'-I 


* f*.:7Sfc* rjM }-L . 

— <X 


-<z-i -Ha±-aH 


(b) f*-t/» ' 7HA • r-CU' 

■iinu a c\ 


Z*:Lt* &- a & s g(-i +2 \-k) 0> 

oW Vi s " -P 

- H s =-* 4** i ■ + V* - ® 

C0h\Pl>7Alton OF MOr\fyJ T } Of /n;RT IA : 

of w« 711/0 JOl'ACE rLA75i AAS A MASS E OOAi 
TO -01/70 AH2) SACh of THE /^FcTA-iVf utrt E P.At€# mA/ 


_^ * — :f rhCU O F TH ~ 7Vfl OUM^KC I Uh (Zb rrj n nf»w *■ ^ 

WE c BY I * ~Th*Z T p m^ Cti 0 j ffFcTA-M ut.fi e P:. 4 t *5 h* 

CtWTfOlpAL AOMCWTS oF/wrSTiA. */£ A IMA5S EQOH.TO *»/S • U&lN £ THE PrCALLEl 

v _ ^ -ainm -ais + * j. - fc) (l) A*iS rueouzn w* **1* , *‘ 

- " O.V6 \T& 

h = 5*)<.+to),if * = £ (-3* + 2 l 1 -.ro 

a ... i ,i ... # .- 4 

CQMPVTAHOti or TAg AoME»/~i Cf )NE<TiQ ; 

2 -Z - L 111 (aS JL rna’- 

»- l 12 12 

a ji*l (a'** 2 )* 4 »)A t 

Soest/ToTf /A/ra fz)', 

« = ^(-5i+v -ri) » 

/*■) |tl G l = 2j£jg-lt77u*a = «utu ~ (-4) 



5u6sT(T07E the haloes a8T4iNf D FoH^ > J u ,l t 
, /N70 (2): x 

0 N s^(-37i + ^-^) C 


0>) from ?q. {3 .2n) i*/e h**vc 
H & * a 5 - cost) 

Os6 =-^_ 

RBcALlia/^ (I) aa'D (3): 

_ 5~ F fi 4 y) = ± -MAC.)’ 

RZOKUtOG (4): /H^Jco - J&Tia l o)‘ 

5t»feSTnv7ii\/(* f (5oA| f6) Af/3 f 7) INTO ( 5 ): 

Cos 6 - --^_ rirfl. -7DV T3 

fiT/« /7T 


IH 6 l*0,276*,a*> ◄ WlH tf \*-^/CJ7/+fll« , + Cn/ - ^ 


£>- 2J.73^ 


&=U?.2‘ 


v^i_ ff i- ^oFT 1 1 7 *0 y 6 

|H 4 (= 0,^32157 tiaA, \\ji & \-zO,h32vdu> M 

(b) ive 'Recall £q.(5)in solution or pqoe./a.T- 

(.) «.-|gs 0 

neoLLuncr ( 1 ) a«dC3) »*°' / * ' 
f 6 - *> = *L(fa (-371 +3^ i --37fc)-^ c-i 4 ^ -A) 

CO = *' A% * L (31+12 + il) - IM. «ia+o l (6) 

360 ' 3SO 

RrCAUOl^C^AEo i;: 

I N , |tf.-' ff g»waV 0) 

'-tf 1 ^ 0 ?fe^ 

Sue,s7no7irii, rt>oM C6 ^andC7) /nto (j); 

cos e - -M 4£§-*-=^= = 0. v 38 vf 

J^O iJwo34 2T^hS51 


$= IQ.103 9 


6:20.2. 
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18.9 G ' lv/e ^ » disk or prob .18.5 W=8 |b, 

- 0O | -/2r4^/s / A£Oj- 4 rad/ 5 . 

FlNPi. fctJ6l»LAR MOMENTUM H 0 about Po\NT 0. 


» WE. USE OB- 11 )*' 

V. H rtXWV+H CO 

. lein. _ Q _ 

wwp<?e- 

cp- J'-vW'-g 1 *)* 

* = 0.2*8*5 Ib-s/ft 

"•(*£*)}*($*-{i) 

r * Sta - ^zr-(lkft/i)b 

fR»M7«r souniotj of p«£. /er, iv* recall t«A7 
tfj- t!fi = (0.O*ZIbft-ty + (0,151 lb'ti'i)k 
SvfoliTuVNb IMTO (I); 

« i)x o. 2¥9fS(~ jk)+0MZIJ +D.151 k 

= 1.7 66?/ + 1,10*2} f O.MHj + 0,251k 

=(l,IO^M-i)l+(l.8IOliHft-s)J 4 (0,251 Arti^k ^ 

1 fl in GrIVEH : DISK of PRobJB. 6 u/rrw 

-- VV * £> lb, tOf - 16 rad/i, AND u> z - 3 rndji • 

r/Nj. 1 Ra/GULAr i^omca/tum fj D R&ovr ^oint £>. 

» r• 8in. WE 06E ^.(»b7|0 _ 

MTN respect To jd : 

C^K) (0 

(0.75H)j--(o:i5-(t)k 

“1*^9^ -n l= v£-J l *> 

=6,196335 U-sYfr 

^ £\* ^=(fe rcdJjlxCi + 0,7?/ -0.75/0 

?=(Cft/s)j 

PPaiH FtfE SCLUHOM OF PRo8. /ff. 6/ l</e PECAN- 7AA7 

y 6 = H A S (0.I6S6 lb ft. S )i + (o.6 6Z ib-fhs)^ 

SUBSTITUTE* lUTO (l) : 

Hp r (t +0,75} -0JS^)x-O.IBbZ35(6}V(> k) t 
0. IfcJS £ + o.6fe3 j. 

- 1.1 180 k -1-1180/ 40318514 03385} 

+ 0,U>S6l +0~ 663^ 

HjrQ.dHi IL-tts)} ~( 0 , *55 Ib-fl jj 4 (l.neibHijb ^ 


18.11 | GWEN; 

Project ii .e wnw * 1 = 30 ( 11 , 
^ = ^ C ’ m "‘ • k *= *50 m«\ , 
jw«ie © ^-y 0 , MOM. ‘ 

1 *^0^ t^=(3Mg.u>^)i-C39‘ *A)j. 

' R&ouz cO mm coMft'wcNT# 

@0 AUW6 - 5-.* C^FE op jPin) 

(b) Along GJ) (RtsTtOF PRZCF■ssiorj) 


J9EcrtvAE OP A*/.‘pMMC- OP P?e7EcTn€, T ** -* 

rV/£ y Arr$ ASf 7’tfiNOAU COvTSoliMi. A7>cs, 

^ r-ffll* r ('3O^)(0,060'*)* = 0.108 t^.r) 

ij =^y=(jbAaX(?^5o m /- 

ff-ioen: H t '=0,320ty.-m% ) ^ = -0.009 ty,nfZ* 

F«0M pMS.C/e./o): 

=- A.- 0.320 titj/f = 2.^6 i0 

M, - *3' m / s -~0.00hdo raj/, 

* Ij 1.87? %-rn* 

TW.s; - (2,H,10rndk)L -(0,00180 radf^j 

ti/B M0i7 Aib’.i/ REsoiOP cu /MTo q% li CJF fa^’TS 

ALo,j£ Gjt_ AND G-i? . 

ll'f VoTf that 

m. ’'V--''*’ -Ai =• <53„ Ain© 

\ A?-o^A- g f Aop»J9 

_ ' Sir) £) Si/» 5'* 

' - 11 0.05ro7tf radii 

" r 

' \ ^S* H-^coi© =,?. %30-0.05SdnaaS 

r ?.fO£f fitZ/i 

A(V 6 ioejj 3 ; (a)( 0^2.1! rad/s. (L) <o p -o, o fy/ 


Ifl 1? I G/v/c^- - PROJECTILE OP PROP. IB. 11, 

FIND: A^G.Hwa, (H ^, (RESCLvf (\T0 zC, i( ( » CuMP,') 
Resolve ^ ,wT:1 REc'Ta^’-. cJoi^P. alon© j.anD^aPES. 

U = (650«'/s)(cos5* l - s; ^ 5 *jj ) ^ (6A1.5J *Vi)^ - (f*. 

P5IN& C®.(/8./l) A-NO RECALLIN & DATA FROM PR04 Itf.'f, 
\{ -\yr'*r\ ^-t-W 

r(0,77S*)i xOo^dfZjfl^i-C^^WOj +■ 
(0.3ZDk%‘* x /i')l - (0.001 

- -(Ibl.bl4(o,’H0k^.*f/ i )l-(0,00<jfo'tfejj 
H r (MlOI^.«y*)l-(aO0j ◄ 


-(iftl k^F*/i) (c imm^ 

^ssfA-va 

( 0,310 ky«i l /s)i A- 


(O.OOJ 1%.*%)^. 
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18.13 

- (a) Show that llw angular momentum H„ of a rigid body about 

point B can be obtained by adding to the angular momentum H A of that body 
•bout point A the vector product of the vector iVa drawn from B to A and 
the linear momentum mv of the body: 

H« - H A + •>, X mv 

(h) Further show that when a rigid body rotates about a Hied axis. IIS 
angular momentum is the same about any two points A and B located oil the 
lUcd arts (H* - H a ) If. anti only if. the mass center G of ihe body is located 
on the fixed axis. 


!£&)i JSUJ6 FQ .(/S.'O TV 2>ETEi?MiNe H /\«J> tmfm h s 

! «|, ri‘11 •’••;<?TH.s- til’r 


18.45 

1 5 

^ive.n; 



SHAFT OF Mi\SJ w, f\AU. 

J&. 


OF KCD OF OtJlFeRM CRbSi 



SECTioM RoTdTF< WiTV4 



U>N t-TAWT AMS. VE 1 -. A? . 


Find: 



' (CL) PiM&.MOPi. H & , 

(ijANSLt FBRMEB SY 

H ANJ7 A/IS AB . 

— (3 


SugTRAC-TiMfr (| ) FffuM(2) ’ 

V A 4 /a « uT w **' v. 


« a 

cn; 


MAI<: I'M<7 111’ =• -- 

- t-tfTfc+Trt+t Z(ir+<)t 

Mi)Ag/VTt AH/P FKoe^frs Of wrma I A . I , 

l i ■O'Jib, . 




THJ5; H x« + )twnV (3) r 

-6 ”A ■ A/p - 


<5,'°) * 


I it ™'1 


--^» r 




-D n 'V*' ^ \ 

O-t-lO 

y ZT T(f.edi FKIM cm. (3.) TH *7 H ^- H e 

—^ ***«>. ' <»> .i w _ _ /**ST 

gi/r; vewtuwe »r Tltc u*/tT_Stcwtt s-^ W-i 3 

iW FlX^D AX/S M/C f+Av/e <T =• 10 2 a/ Xiw A S- . . .... . „„ 

£Q(H)Y'*LVi N QiKKrtm Mowro't a ft 

i A/e x *»* (<^3 A/£ X *^ /a ) (j) 1>4E e »5. Stc;r. tOrrcO, <*,= n/F HA VC 

we note that 4^/£ te FrO’F^Jufi'itfr 7® «2A^fc - Tr ’ )t ''° (i) 

ArKD^tfuS^ A/or F>At?«Liei TO /T. T++C* ?Cti R C, 7F/$ ^ “ 2^ <0 = 0 

sccoyn \zecmn must ee ze-so. yhkw m/i/./. u _ „ . . 3/ , . . 

' Hi.- -I . tO - —4*> t. /y^ 

flCCOR /F * & / A /S Prt«?AL£.Ft To THAT I4r * '• 4J 


/F\ Aa/J> 6A/LV /F, s IS ((jfA 7tj& Ob/ (AE>. 

- - -TaTc.tD) 


Ttfi/s: 


t & ~ H x l4 ~ ™’t 3 u) (trl -tjc) 

18.14 I C- DI5K of SAffPl.’ PROS.- 18. Z AMD 0£, ftCC.At.Ll/VS T»P rx WKSioaI OQTA It/S’ 9 

- ANSWERS to Pakt d OF THAI PROfiCtl'V- 

/W'd’ r -» 1 1aO. J$ , H.= (l A , 

' & J ,u if =jp™/lT\-Vk) = 

INE>: ANS. HoiKCNTOai H GS<n 6 eQ.(l0.ll), Al^I> 6 

FV'lFlf' THAT KF5UIT & 5 hmf a? /tv MAT t.OFS.P ».2 - -rtpfcAj f ^ J, _ Z iTI 

r-n -J 

H,r W %*o(£).37f i - 0.t/#3 ft) 

Cb) AH/(i' TntHZlt t/ H AHL A'gl* Aj. . 


Find: ANS. HoiKCNTOri H LISIN6 EQ.( I0.ll), 
VCftlFf that KF5UIT /s 5« 0 >ie AS IN MtfT tWS.F 

*1^" 1 ~^s-i Ea.OB.ny. 


1 T C -" y ^ u H.' W *(M7<i-O.W3 : 

g. .4 H =■ t RAft^ T- H -6 v 

^ & . L i x *.**>, t + ^ AWf r Aflf/IEP t Y tf k AM, MS HI , 

iellt.‘AJ /'fc-T-j.) ttVMlNB BY e THAT AtJ&LZ, dt 

* 1 1 - Zf. _ . in, 


H^ = - *1*1. id, } Fjf •ditfcj, t - ^ Artt'f), ^ 

Hsi«*i- *»(i'+^ 


fsuie ,iHii 
Hk 

AF!> ; RECAUtNfr Cl'i 
F&Vt0 - 

WbV 7r 


5 “ 51,1* 


WftttA is Tt+e Awswee oqtaia/ed in part t 
OP SAI\V LC PROS. 18.2. 







2 f 0.1201 

r (D / 


TPIAN6ULPg PLATE SHOVJN 

Has mass w. —7,5 kg anx> 

/4 (VELDES To jHAfT A£. 
PLfl T E ROTATES rt1 COHiTANT 
RATE 63 - u rtei/s, 

FIND' 

° HoHEtJTvh rt_ 

“** V 

(±>)AA/fr. Wo/MPMTUAf H a 
(pWD O’ AND use PROPERTY 

iNDictnm //v P*oB. Id.l 3cl.) 


(O. - ) u/cf 2>n/»x>E Plate /mtu two 

R.t6AT TRlAW&LES AND COMPUTE 
iHEIR PCoxjucTS OF /VEPTift. 
*,-2(.« * 3 l-7.7^ 

- *V« i| 

FAun sample PRoe. ^.c,, wc Recall 

THvtrrttf mJ*L.C k‘ h% '* ]hh 

V*** rSTfe* ' '2 


18.17 


r ►jSI 


TRi AN &'->■.«><; TlA^t SwMM 
HAS piASD -W r-7.5 Ay AWL 

is im&rn to 5*aft me.- 

PLA t £ v R<OPTT« PI CoN'-'► * 7 
R-TE LvJ * ll rcAli. 

(W")/*i^. momeiJToh y c 
ft) AP/fr. AiowEF/r on h b 

(TiWD O AfO> i£r P^PARTY 

■ MJWCATlO IW PRO?„ ijg.f.a..) 


I "-,* 1 (J- 


triable 1: (r^. ^(inktfoMmXOM «)»*,«x/o, 

T^ate X : (I,,, ) 2 = ±(*0 ty/o, U^-OX*)*-7,^16* 

ig.m* 

THO^mTifc PLATE, _Z^r?.« -7 ( ^|5W,«X/0$« 
WE WOTt THA7 Xy f , = 0. 

MOHWT OF /A/TCTip JT OF W^TitZ PLATE,; 

5 ,*«* r i ^ A . ' m, (72 ^*) ■- 

■J ie 3 .« v 

AwgoLrtg NanEn tum ti c 

lYE l>SE Efli- (18.11) To SGT* 1 * T*? components 
H x . , . w^, oF rt c 

H x . = - I vj a> = -(- T.?5 f.mtylXrd/i) - 4 63.0j «f/s 
H . - r cO=^lfc^-my £ 

hi 

TWERBF6«C (63.0^ ■m'A)l + (2l6f'i*ys)t <4 

(b) AF/frULftR MOMEMTUM H a . 

(WE APPLY THE fyOATlOW (ffOEN |<sl PART CL OF 
PROfc- Id-13 TO POINTS ft AND C. 

.H h =b t +t c/rt x^u co 

WH-ERE S- c ^-(°.lb % LMWG THAT TPF DiVTAivf* 

F*6M THE A*U OP EtJATION ft£ To THE A(Ai5 CcWTTK G 
OF rut PLATE fv 4 = Jr (o.iz »>) 5 VE HAYe 

7ny - x !•) r (7 ,SRj)(/2 *(p,6*)m)i 

=-{1.60 <i-f n /i')k - -( 34003 .<yo'£ 

X'ir'? - (O.I(.»»)^ x(-3^DO|.«7j)/f --(57(,]-*/i)} 
5y6t>TlT^T,w& Fog H c and ifc/AX-tf'U IMTV(t)i 


(a.) SEE PARTCL OF S0'-'»T»0‘/ OF »vo£>. |R/6, 

Y/5 FIOLD 

A^-MOftEL/ToM H. = (63,Oj.m/i) i i (Zl^-rfy)} ^ 

(W ^<5. HOH&tTufl H . 

-— - -8 

iflE APPt/ THE rW ipTlW/ WI ZEN |M Ti'K7 <1 OF FRA6. 

.'0. 13 To Po/NTJ J AFOC • 

V O) 

tfMesc ^c/6 r -CftWivOi. 

VOTH^fr TH AT T r it J> 'CrANCf fur" 7«E Af/S Of iWlltr) 
AE TO fWE Hriii CTn" i & or r*»» Tu> 71 'i 
i, * j- (0.12 w) = o. t>>4 fi 

^E HP 1/E 

4HV =• «1 (u) X?) = X (0.0»<n)_i 

r -{3.60 ty-tf/i)k — - (36oo •♦’/i )Js 

fifi/D 

5 , y tvi^- r -(o.DTt'Op a (~3Coo^ «yi) 4 . 

= + (.31* }■ ™/*)± _ 

SvCsTi7L>T/N& Toi?_H c A/i/u ^c/ e x '"') r 


18.18 


c*/\/en : 


v/E FIRST J)ETErfvwe H g . 5Ec ScxuT/on of Ffcf. 
18. IF, ^ TOO Mi/ 

(0.379} - 0.V63 if) 

F^Oft £Q-(IB-ll) V/E HAV'C 

~A“ ii fcK/t**-*!* 

BUT ^=0 SW c e G IS LOCrtTED ON AXIS ftj . THltf' 

(a) ANj>{b')r H r H : JM cl.i/^o)(0.37) |f) ◄ 

Al^TS . THE EESoLT CtlFlWEL >/T C* f (T.i 7H» ftl'ftT? 

(NJ. JCA1 £i IN PLr.g. IE./3 b , ARMiLf,T|IM If 7«t t ITSJ 
CEMtU E (f A J),,r.y Eolr* 1 »7( <«u ) « F./T. >» A 
(5 L-fF , 'i fH T- i* AI/4WAL •.(•Ft”*/T’ | lI 

1$ T^SSFf.E A0O r I.i'i lY H,iH'i Cl Ti.,:). t+yji,. 
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bi\jzd: 

Tvs* l-sw* i- /-Mi:, 

*>Ci- <, HlHC 5" tl> 

tVPiDEi A I lilt 


Gikjcn : 

TWO i-SHdP ct> ARMS, 
£ACiV uLEirSH/NS J/A, 
A«.t u/etpeo at t« 
ONE-7MiRd Pcu<vTy fir 
TNI 2 7-IA. SHAFT A B. 
ASSCM 6LY ROTATES A7 

tin Co*t,WH J60-rpm Rate, 

I PiWj>: <a) H & 

^ Cb)A*J<U£ Formed SvHj, 

»vt> gQ .__ 

*/e Wiu USE AAK *'™ 

©RI6IN AT £,. 

M0HI//7S and products or inz^in 

Tit EACH ^UMBERED Fi£T(F<UT' 


ffl .MOMENTS >tw PHos >otTS 

jJk£) s£<£ "a OF w?ET 'A 

ftw F*»cwwi/MeeeEs HEmei/t 

<a U a- 9 )*.= o.istt. 

^ 1 n=L ( ^)i^z.^ 

*- Faff i md n : I f = I 

fOR Z AIVD 3: ? J T»a‘ 

fox AiSZt I S’_y.‘ 7^— 2 f4 -nirt* * ^ ■Ml'*'‘j X - 12 *, 4 * 
Products op nvcpti A of As.s>eM6LV: 

r O' (~aX!<*) i mi(-*)(2t i)+ f^lif‘)a.~~J * lf ‘ 

-T-a. - -»7 t i «<j‘ 


RJ« 1 AN 0^’ 1* = I + * 1 * ~g- + ^l¥ 

foe i AM >j: I, = J •mo*' 
foR ASSEMBLY: 

PRODUCTS tr INERTIA OP ASSEMBLY; 

W(V.*CWn*<Wtt.»i 

C. *«(-* )f-a) f *.(-«)(-0)4-■«(f’)(-• 

1 .* = ' m (fX' a ) + 0 + 6 7-"(-f X- Ja ) = 


(a) Atitot-A*. HoneiJiuH A&mn M 



tVE UiF efti. (18, H) Tt> OfcTHlrl "ThE CoMPd/UNJi OF , 

Wg naye coj-do-3corp«n^ 6(zrr)* /zrr nJfi, *o, 

H_ = - J # Oj r +\ *>a(izii) = te m air 

H^- -X^ = - (>*a‘n 

t%. = I a fc> ? .= IPino* ( u n) = 4o»ia'ii’ 

" Wi; t* A -^‘ + H ;i a Z«uLir(<1L-3j. + 20k) 

~*(M fb*'M)[o,7Sfrf(ir'*l>X ti 'i- l i +J?0 ^ 

=(o.n^ib^-i)(^L-^j +zok) 

y A -(2.V7 -(0.825t(5M lb-<t-i)k ^ 

Af/6(-E $ FoRMTO Br H A-vp A3 
- — A - 

^ r/e vote r«or e - ^ 

a ANt> Recall that 

h * = I I cose* 

„^3/ THi/ii 

, - h a co&« - (zt>) 

I Hj, | ~ 2 *'«‘rr^ 4, t ;jS 2o , 

-4£r- = O.^obs' 

4=2 sy ^4 


( 0 ) M 6 ULAR MOMENTUM AgoOTg 

M/r osr EWS-Oft ( 3)To OITAm THE COMfWtwTi aF S 0 ‘ 
VUE #AUE A^««J=J60rpm*6(/ftJj IZirrad/ ij 

H , =• - J, f ^ + |"»i<i*0*J p ) s >8■‘nan 

= -i-wa‘02^--- 6*10*7) 

= I £~^s &'*ia , '(lZTl ) r 10met Tr 

TW. + +// 

r 2C^L /b4f/ft)(0JSf f)'(7Tw^8)(‘ii-3^ F 20if) 

■: (ojn'&lb-h^i-Jj+zot) 

^ b ~( 2.17 lb.il-s)i -(0.821 lb'f*-i)j f (S.W lb-f* s)k <*| 

AjOTE . THU IS TH£ SAAB ANSWER that WAS OBT*iN F b FJft H fl 
IN PXu8. /5. /9. Tt+fS COULD -N AYr BEEN AwriCiFHTED, 5/Vct 
TAE NASS CENTER ff OF TNt ASSENS.' - LIPS ONTHE Tixrp 
AF/S AB (CF. PRoB. /a./3 A). 

(M ancle ^ poamed by h and b<a 

-*---—B - ■ 

3 a vote t>at ps-ir-d* 

sf f\ta> Recall that 

lt*e\ co - e > 

TAWS: 

<W Cosfft-t^ )s - C*>J ^ 

V » _ Ht_ _ _ ■A-m 1 'u Qfl) 

2 y ^^ J ' ri r n$j S " 

“ B --jl£r = - o.qoiS! 

sW 
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18.21 


HMT PC' p . rtiTPHfs fi 
£U /S SID'S OF CogE. 


OI\/£ n : 

H(XI.W cil&\ CoNS'cr*. op 
fix 5x5 Ft Ai'iMi'WM 
^ 5HF5T4 rtti;. tn-i o.>t, i» 

I At'>JI '/IhTiOI. JIASOMRi. 
' AR. S7UPSNT POSHEl 
CORNER C FOR I.&S IN 
^ PlREClloU PtRPENDKuirtR 
M to PlpPE hftc with force 
05 12,5 U-, causing cose 
CoviHPTE A Rl'i W St- 

FIND : WEICH7 OF CUB? 

C TO 15 afi/3 , WWT»lr 


|P Ccee, 2 a „ = J Ji/Vcf rwp silikoid 

/r\ —7i x®’ 

V i /I ofiw'rtip ■*' 6 ft « sphere (sec. 1- n). 

* 'V ™ E T ^° AoRiZontal faces 

*(?)(&* 

Mh**F «i ^ HAi*i nr co 8E 
POK’THf Four v'frticjh. paces 

i (*)[£<$?]- *¥ 

For the m/hois cnee: 

IMPULSE- MOMFnTun PRINCIPLE 

AM«. /M PULSE A£ftU7 ABc FINAL AW6.MONPMTUM A6007 A£ 
(FAt)aY% ona^tO (l) 

frll/RN DATA; F - tz.5 lh> £>t 1,2 J , dr J/<- cor g ffra - J 

SuByfrrvTf d^tr m.= //V7o(/); 

(nsibXi.z*)(sft)if 

5ouF/N& rioR vV: s'] i ZZ5.fi !b W=226lb ^ 


18.22 £71£n; aluminum cube ofpro6.i8.2i i 4 

REPLACED BP C-UfcE CoVsISTpnG OFSix 
PLVUooO SHeTTS, II/EIC-HIN6 2olbeocU. STudert 
PUSI+ 64, CORNfRC AS |N PRO e. 18,21 (Po« 1,2.5 ivnU 
12.5 -lb FORCE). 

FIN_D; time RtOU.REO Tor CUBE To complete 1 REV. 

Set Solution of Vm.oS.lS,ZI for derivation of 

(F&t)a\jy) -XWa> 0) 

'B 

£i>/j»n data: F m 12. r «>, A2 - /,;?*, a. r 5fF 

fvesT/TUTE DATA fWTO (/); 

(it.5/b)(i.t s X5foyi = ± (3,iii H s/(()(5 ft/w 
IB 

5 Oi\JihiG Fog *0.’ *0 r 2.366 s’* 


to 


- Z.<>554 J 


18.23 


C - 190 mm 

V_ 


Giv^n; 

TNO ClRt. l/L.SR PLATes, 

FA cm of mass <rn.= a kj’ 
ARE tfifrldY toNivrnfJ) 

T‘> K»J A-B 0F wa>LlF(0tg 
mass And Suspended as 
S*»WN, AiV ICM PULS £ 

Fat =-(2.9 w,s)Jj 

^ Is A PP'_l * J> AT x>. 

50mm piNJ> : 

<2c) 1 /etociTp tF or 

50 mm \ — 

r (MASS CtN TPR <y, 

(b) AN&Ol-AR VtlCClTV 

LO OF ASSCPTBlV. 


Cp/IPuta i|dH qF MOFUrN t< awD pgo JurTi of iNimiF* 

FoR upper Plate: ~ ' :-- 

= on(^t* + «() = + (0, ,J «i]Q 

^ = 0./Z2F 

Jj = OFt’=r £ WtViHt’c. 5 »i4*-= 

= O.lltfif k# * 1 

s r - !,,+ «(tvd*j = e% rn (?+*')=■*(% l l +S) 

=(/fly)[%( 0 ,)Bm)+ (0 , IS*)*] = 0.25Zk$- n % 

1 - n(-lX</) = -'Mld =-(‘tkf)(0, IBm^O, ifrti) 

J \f-0,i08kj.«\ % 9 *O t l g *0 

For loo/fk Pi.mt: he detain the kesucts 

WHJ, For 455FNBCK wF PUu6'.e RCSuiTl FoK uPpFR 
PLATE, f 

lr0,3888ly.»* J-0.509 ^■"l' 

5,,-o <0 

/AiPUtSE-MOMrNTUW PKINCJ^I 

IVI flcntTHAl the iMPOlilVt ftWrES AkE _F and, _ 

posiiftv, the foA'e at a. ALSO, r«A«a~Fi taa/nt^ vtO 


*1 ^ 0, It? „i 


H a V 


Hi 


W=^iiioL 

' O" »^ s 

(a) UtlOCMV OF CTMTcl? , EUUATF 3UM1 ?P . 

/ECTOR5 : '(2.9N.s)H tfSfsF)I- + 

7 nus: ftBtco, ^ r L>, - ^3 w/s 

Vt-(0.300*/*)!$ <4 

(A) AMAvLAR velocity fooore- sums of mome-ntt 
A«A.U7 <S: . 

r ^ + + J^ 4 H »- 
-(0.932 .«*) j -(0.3tDM'*>‘)i - «ji 1 + «j i ♦ H> 

H a »- 0.360, H r-0.^2, H { fO ' (2.) 

5ue.STiTvirc Frott (|) (2^ INTO e<L5,(W.7) J 

H -iU>-f iOl-Z.H : -0.3M>s4O.?V^PH +(!> ' Z/6lJ s CS 

H r -J„P> 4l, Rl -I./f- ~ () '‘ ,32= 30.2II-H 7 W 

h?---CH-£<V , 5U j 0r ^ . ,s) 

JSoLVC (S) 6J^ S -0.^615^ *-^.1T76^Z 

£--( 0 . 11,2 rai/i)i-(0.577r«i/i)^ ^ 
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18.24 


C- ISO mm 


■~^4^15(^min 
150 mm 


Giv&i: 

Twot((?c.uirtii Pi.fi TE5,EACH 

0F MASS UlsUj, ARt •RIG'DO' 

COfVOECIVp TO RoO *J OF 

WESLIiSiBlE MA$S AWji 
il/SPeNOPD ^5 3l+o»W. 

AN IMPULSE 

F(St = (2.4 N-s)} 

-V. 15 ftfPLIEP at J>- 

°i"" n Find *. 

(a)l/ElOOTv O of 
4. 7 MASS CeWTERG, 

(b3 AW6UIAR UFtOC ITT 
cO Of A5SE'ietU- 


18.25 *| 

Ciuen: 

- J 

UNIFORM K-iJT ROD OF MASS 


0*1 IS ^OiPetJSED AS Sfio^kj. 

/'ll 

flop A l+IT AT A WITH i^IVlSf 


F6t IW TlRECTloW PFRPrwjifttAS 

r J> 

To Plane contaiwiwo- Roi>. 


F/iviD: 


IMMEOIATE-LT after IMPACT 


(ol) WetOCITT u OF mass «NTEP 

1 \ 

a 

(b)AW6ULA6 v^LOurr Sp 


OF Eoo. 

FAl^ U '' 


Computation of mompmts awo probocts op i/Jenr\R 


Computation o f moments aw» proooct.s op i«eetia 
SEX Solution or ?HoB- IB.Z5 iwhere w-e Fouvx> 
X^-0.2Vt9^-m\ Jj-D.WBS k£.t>\\ TsO.WHq-J- 
1^-O.lUkb *.* 0, f^-o 1 

iHPviiE- mohzn-pjh rtunaPiC 

WE */oTP TWAT TAP GoRD AT A M/ILL eEf.t>Mt SLACK 
TP US, 7(t g OVtV |M Put live Pa*CA /J F, 


41 0 . 18 m 


-b>— 


(2.4 Nil} i 



>r 




(a.) V'ELOC/Ty OF MASS CFNT Pg 

POOATF SUMS OF U£C TOK.5I 

+ *>*) 

THUS; V = O' iTr 0.300 m/x , T^ =0 

+7 - (0,300 m/>)^ -< 4 {j| 

(b ) htJ'*V<l\P 

FtfUrtTe SUMS OF AW1EWT5 AAduTtf-: 

[('O.I&#i)_i f(0.lfi-M)kjjt(j.i4 v-j)j.r H,i-» Wj 

(0.432 kj.m*X-k-_i)= + H t £ 

THWii H^-0.131 **■*!* H^ = 0, H ? --0.432 ^.m*(2) 

Substitute fp*m /wz> ( 2 ) into fas. • 

: -O.43?-FO.2'iV0iO 1 +0.215^ ( 3 ) 

Hj +1 W -T^»)^. 0*- +6.216^+0.388^ (l<) 

H,' -I x X -1,(^ pJ # A^. -Ci432p + O.S’0V a), (5) 

SOLV/lHO ( 3 ) AM> (4) SMMOLTAWroUSLV', 

= - 3 , 4 616 ro<(/5 / iUj - /. 7231*%4/» 
SOtU»N(r(S-) fbH U> t \ tO f = - 0.K Til r ° A /* 

T4U5 ; 

^ - - (3 .4 6 rrtW/sJ t +■ (/. 12 3 raA fy -(0.817n<fC)X 


Po^riow i*^ m-» 

^•IJ.Ws.k'O 

fWioNj AS an£? cp; 

#?)* + $ (^£)- i *’* 

( V* C ^W t < a *k* 5< 't 

*■ a * W;F 

Tl+E MOMENTS IM/B PRODUCTS OP INCRTlfl pF T*£ roi> APr 
OtTfiin ft) Br Az>fiV 6 fPf aSove iMtuFi: 

T / t > i 1 * r f. 

Iz - *ia 4 T 41 a +? ina z- ftfa 

Z k, *s u » 

l r -z«* l +T;*>* + j' m S-$«' a ' 0 ) 

2, = 0 + /7^’+ Ti^'i ** 

X c0 3 - 0- iW4 1 -i-'Na 1 = - -J vui , J =0 

*3 ji 0 ° " 1 3JL 

//T PLT.SC'MOMENTUM PglNdPlE 

74E tPlPoLSES corlSiLT Op FiwtJ’ (Fit)] A«/0, PdSJlBlT, AM 
/MFotSE (TtSl^jAT G-. grcAuiC OF c <M%TR/>\iJTS, ^ =0. 

I 1 1 l V 1 

to,, 2t. J _ «i I 


2^4 I •* 

(a) Veboc ITT or nuss cgwTfg 
F^uATE >MS OTVRTO^.^FbtH+fr^rtn^^+wijk- 

T,H5; v°, Tot=o ~ 

5r(F6t/tn)i <41 

Ityi A^EVlfiH, 1/eiOClTr 

FWUHTE NbMPft/rs ABOUT ff; 

(-<Lj to k)x.(Fbt)t * ^ 4 H * 

aFat(k+j )= + HJ* n; F 

T«0S: H*=0, 1-L^a.FAfc^ H i = aF6t (2) 

substitute proM(i)aiv6(i) /wto £Qi.(i».?): . 
H^l^-2^-1^: o-foiAi sji=0 

aFOt.-^+ntt^+l,^ (») 

^-t co.tiio,: a.Fbt:~i»iAiO. (s) 

w ^ v ; f (CONTINUEJ)) 
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18.25 continued we repeat thttolu win*, e vs/- 

- «*= o (3; 

CtpAt -=i- wcuNj + coj (/0 

a FAt «^W *iaV^ ( 5 ) 

SOLl/lNfi (If) ANjC?) SIMULTANEOUSLY, Wf oBTAi/U 

. V-*«f ‘i"?4S t 

T»H»S; £p S (12 FAfc/7 ma)(-i +• F *) ^ 


18.26 


uniform t>tM7 rox> or 
W 45 SlSPENJjEd AS -SHOW*/. 
ROD 1 5 Hi TAT B *ITH IMa/LSC 
F^L /NEIRECTIoWTWPEMJIA- 
T/uv* to Plane cowtminm/6-rgd. 

FIH£>: 

/MWtDIATELY APTTR /MPACF 
(a.) yfuwty or hass cents* 
(b) m&uia* veuoc-iTy fcJ 
or rod. 


18.27 » G/VC/N; 

T/VEE.E Rops, each or 
, vn anp leniSth 2a att. 

WEITSEP TO FORM AsSEHSO' 
® [ assembly is Hit rtRTicftUr 

1FS1 I J AT A As SHOWN. 

C UsH T Fi*p> 

- I IMMEDIATELY AFTER IMPACT 

I If^L (cOVELOtnY oFMfssciNtcC 

(i)An/siiiAe velocity a 
or A-SstHBi-r. 


C OMPUTATION 6T Mt*HENT5 **p PRODUCTS Of iweSTi* 


MQMgf/TA AA0 Pfi.ODOe.Tj QF INFFht 

ff£ iOL^TloH OF PRoft. 18.2$. U/c OSTAm/EP 

^cfW ^j-w, Vr* fl ’y v^V T * 0 

IMPULSE-MOMENTUM PRINCIPLE 
THF/MPOC5rSosNSiS7 or FAt^(F4>Oi **•*/ PossIfiLT, A" 
IMPl/CSP CT ftfc )i Arfr. BFCA^iC OrCoWST«<wWTS, 1 £= 0 . 

J _ " 41 J 

, >T *■ \ 

J I-'V. 


Equate sums or vecions ■• (Fbt)l T(Tot)£ -«t7 i + a 

Tm«> : t£ r (FAi/m, V t = 0, TAt-0 

£= (F(\tfm)L 

(t) Awgot ab UEloci ~t 

EQUATE MOMENTS A6QUT e: 

afc*(FAkt)i : ^>.1 4 ^ j 4 £ 

• (aFAtji 1 + 

7lhJS: H x =0, Hj-aFAC, 

Substitute f«om(.i) pndCz) iwto enj. (/0.7)*. 

-3^ - : 0 «a'^ “i 5 ^ 

Hj - _ - M <0 JL 4 ^ 1 

Pr-4W^ t}W*<) ( 

S0lY|N&(V) A*B(S) SlMULTAVeoustV, WE OfiTAlN 
j 7 v\0. i 7 ma 


V 0 ’ I ^ s0 - I « r0 

IMPULSE-MOMENTUM PRINCIPLE 

TUff IMPULSES CONSIST OF -(FlSf)j AIVtipjrtT A ANj(TAt^ 
APOL/ea AT g, BECAUSE fr CONSTRAINTS, ^ =0 ' 

P n B ill fii 


5 

B 

s 

1, 


*i> i; 

< 

< 



Hr&0> 


£©oate sums of vectors: (Jbt) j-(FM)j -MirL+WIT A 
THUS* T&t-*F&fcj t/ K =0 ) v^= 0 . 3iNce ^-0 F«b *1 Agout, 

2=0 ^ 

0>) P^CUI-AR VELOCITY 
PQOATB Moments A Boot & : 

(iti+aic^f-FAtjj . Hj 4/^k 

- (« PA 0 * + (aEA^j" ^ H x i 4 H j H, fc 

THvs: H x =aFM, Hj-O, H } - -<7 PAP (i) 

5iMce tap m-rter prwhj«ts of iwrenA ZCR0 / 

Tlf5 X, J, ANOJ A/TS ARE PRINCIPAL CEU T?o .»> A'. A/t« 

PNJ> we caw use EK5 , (/e. to). Substituting 4»om (/) 
l*7T<> rnesr Ekoat.oNS, wr 4 <fnp 

i aFAtz£*,a^ <J 4 r 3 FA P/S ■** (i) 

H 3 =2c^ : 0r|- Wj=u (fr) 

H^ a i,W # ; > Q p At .|. ffl43 ( -JFAt/*«< (5? 

TWEREroRf.' 

W= (3F6t/8«ia)^t~4if) <| 


CO ~(l2. F^t/^ma^i) - 3 k) 
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. 18.30 £r/£N: /me mi jrs- scribed in pkos. /s,2?. 

Fl*P : IMPO LSEOft/ PLATg at (ft) B, (b) A. 


SEE SOLUTION or PReNi. /6.Z? fOK MOMENTUM 

&IAfrk>»M AND DC TJJ R/M||urt OF JU’AND jT. 

(ft) ESUPTki t moment; meont rt‘- 

tit** Smart- ^i r ’ 

SUB5T/TUTIN6 FoK ZA’ A- R !> Jf'iMVP F>e RFoFMIJ>(. P^?/T.Jty 

^uoovivoTnecocrr. of t: 

ft-BM. ” 6At- 0. <03/2 

14 Bate o,jo3/ m^,ak ◄! 

(y £UOATiNG-.S'omS OF v/eCTOR< V 

A At + B Gt = ^Tl' ,. 

tAt- * mV- sate ^(o.oB»^^ i? i t )-o./t)3Uw^fti5 

A AFr-O.O/NTJ-X/iOjd It -<^ 


18.29 * G'Vg^- 

--- SdUI'St PLATE OF Mrt^J <m 

4*? SUPWTTD BT BOf. A" j r SOC* 

UllTF AiNOO.AR OCUXI ‘ v 
yVjfi'V y/HtN IT STW'KVS oeSIl-PlO* 1 

■f <SM jc B ,N x a PlA " ? (e " °>- 

\ \ ' FiMty- 

\\j/ 5 /MiHEPlATrLV AFTER IMPACT 

^ (A) ANF.Nfi.OciT/ fT P'_o7s. 

(_t>’; Vi'.0CiT> or --V. 

FIN&PIAR M0M(tN7NM 

liEt«’)i- &P ;T"f' ! -Kr or JtflMRE PuVlp } 2 JV* 

samb aAout /\Ny fliX-ii TnAon&n S VHTPirv zj) r**Nl ■ 

(cF. 5SC.4.17 ;. t -j.'tncL, n follows r»K7 h (/) 

R3* AVT £0. IJ. 

y/goOCiTie-; AFTFf IMFACT £\J 

SiwCE e =- 0, CORNER B Rff'rtlN* A/K. 1 

I<1 coWtsct •'! ■- ' <■'- / J*rv D 

AN.' Pl<V£ R 0 1«T?i_N(,.- 0 *_ / (L —€. 

A BA =--coi><«E*iF>'' 4 5'i = ('i:'t'i)/'^ 'N. -/ \ 

Vs W* t r [*>’ (-i F £// vV j (ft/*i)rij = Z wa - y ' 

/MPiH SB-moment IA ‘ PK"^c iP'.E 

jV** . rl’-i 

V v'syV'-“‘ :%K~ 

/aT\ 4- />,• / >£-^> s 




FqOaTinc, Momb»'t; rteooT ti Ng B*- 

H.vmr tO? He + ?Bo'(^ 
HBtfrLmyfrCO,CACfl,M® v * Lwe Dp ^»A' . , . ,n 

^W^ 0 WsRS*r^W£A , +[(-i+i)/Vz]*[-Si > i- < ’' JC, H 

_2>a. -cO'(-F +i) W'r-L-^o 

^ 12 <f/ '('IT 

Ca )M6WLPIl :0C IT y' 

Pifow(?)pNcf*/)! £>'?^j+A ^ 

(b) VELOCI tt Of g , T«(M 'M L(-f): 

- ,r f VVT <d e <1 - = 0-09939 a £ tr’=0.088V iD p ak ^ 


(A) 7f iK ~I V » -I7FI? 

EO'.'iuc <io .« •/; •* <;:» 

-C f^'i = a-T; i^j-'T-.i 

Tf/Ts; s - Fi V* • '> - = 0 

7-x - ( PAt/nJ_L 

((,) A 'I-’CLP* _-. 1 

JE&NATf /Hf MFW. < - t>oii t 6-; 

x 4 H J4 * H t- 

iaFc>t)k + (a?bt)£ - 

TM«$J 0, Wj : a Ti.^ ty = 5 F^t (d) 

<(M{ F. T«« 1l»r» I : ..jf. •••> - «•-*•£ Tfv # 

TWE j,i»v s At* P*lVfif»» k .(.eNT»i» fli A *FS 

>VT0 VC COU W5f ecS. (le.to), Soe>l7lT<.'T'«l6’ FiOfl ( l) 
AMD (2? WTii fwrii ruoxT.fcNS, RVf f/Htf 


Hj - ^ i’J. ; a f^, f- - y »|<9 


<*>,= (> o> 

.0-, r j FU/ 9 iaa (v) 
UOf =jFAt/7#A (5^ 


TPTrCProZF I 


eos(3F&t/a* + 


18 28 '' Given; 

- 1 - TH-eee RodSj&ach or 

, bam aw awc lcos.th la 

ARE U/CLOE-C TU Form 

O-' ® A«CM6L.Y^ WHICH- u hit 

AT B tN JIIAECTioN 
c 'I OPPOSITE TO x At IS. 

.jp ■ fin r>: 

/iHMCDtivre-tv attcs iMflfltT 
' (fl'li/BUXiTYOFMAj; CCNTffR 
£1) A»/S\AAR NeiOtiTT u? . 

ioMpoTrfioN oFMPMCNT} ANb PtOjOC7S OF/ivTSlTF' 


**• 






18.31 




gy\/gM- . 

PLh 7t? OF 
TM FALLING- V/iT rl 
O' AND K/'J ANG I'ElJciTV 
SlWff OB$T« JCTiOIN (e = 0). 

Find: 

M&-, i/FL0CirY ot= Platt 
/IMMeDIftiety AFTER IMPACT. 


/<SP^&e-MQMe«/TL/M PUlNrir. = 

-**•31 Jl 


A H si 
g J*^t" 



? 2 S; i&S . <■> 

^ coM.i- -m\r ( + C 6 t = , w»^ -TnC^i-ij) ( 2 ) 

Ffil/RTlHG AAOMtNTi about c ! 

f-ol tc{(; x (-*i ^j)-^-a£ *-c $)**>%"£ + 
1 **o(**S* c l)-'*ii(*lr44i) *■ *i j ♦ fya**>, a ’ ft) 

SirJCC &=0 PtATf VOTATry AjJuTd IMIN E"0i A ipcy 

Arrc* ,mpAct . ^ 

=| <o x Wj wj i^c* 

FTwate coTrf.oF own sector 5 • oi^-o tr = -&} c-t^.iAtu 

uaceos .Clb.io): 3 ‘ * 1 ' 

H > 3 !,«* - 77 ^^ C >H « ^ c * 

op(4)J 

H,“ l'4 - i"A(2^)V> t 

SU6S7 ITVT? FroM(N) A«A ( 9) IN TO ( 3} * k 

w ij (a *4 c i) «■ + ^ a)( 4 *+ c £) + j wc ^ i + i wa Wf - 

- ( j'Wc’fc^ + 'WdctOj) i +(^ ltW.‘/J, fUtUtyk 
D/l/lflP /Vtm AND CfiyAT't CoFFF, «F DWn /tC7o<S-' 

| c^4 »c a>, - v 0 c £) 

a£ ‘ J i ( ’j a ‘«^ : t£<l (7) 

5 »LVt ffi) AND ( 7 ) SlHJlTfifrCOOkCf-' 

^--3V7C, 3 ? ft / 7a fJs5V ft ^; + ifc) ^ 


(V/T/fl-C- ANGOLA A HowUiTQNi 

^o" 4 s0 ! i f 3 L<►■ 4 a i £ «*»(*« ^ i f ■* V*^ -0 

- (7TOO[O.?e».,'Y0,OY "*#)* f0 f 
=■(76,04 kj .»l‘/j)if (/S-G.OA kj <n'/f)Jr {I ) 

AtiSDLftR IMPIALT OFTN O 20-N TH.-oaTF.RG 

LET 05 ftMOME TWAf TW.'TLR.; 

"✓-hAA 51 ' 1 " 1 a and 5 <NILL se OGEJ>. 

/ TRoM CEoMeitff OP oeTOGod, 

______ Y_ ’fe*j rt *f£ Um ) w 0.BWV 

0 T 1 =2-a + aj>h*i5"r 1,707/a 

\ AH* - /.HTes'J m 


r ~ *|3 


f A r ? A 


18.32 Givlh: /mpact dbcpi 6 £d im mob. /e.31 

- FIND : 

(a^ vei-ociTroF & /AwmiATeLr AFrpii /AWcr^ 

(t)dHPuLse on plate during iaapact. 

(tt.)Ffl.OAA SOLUTION 0 F PRO 14 ,* I ft. 3 |: 

EM -CO r - -C^*C + ‘0,«)2 

FROM ANJWEA T-tf PAOB. /8.3) : (0^= iij 3Jl? 

th 7a ^ 
^6) Pro/s /AiPoLse-N(0Npw7t/A/ diagram ot= paoB. 

El(/UATIA/G iPAi OF VICTORS : 

- 1,1 • +Cbt j. = tvj v 

CAt j = -A/V"-/■ * -jn^oi 

= 7 w 


AA/6./HP0li£ AftoOTU =• ~ A 

r -FA^4f e (fAt 4 4FGf 8 y t 

-fO-i-O^FA^-F6F 8 )£•*-((,VW)"i){F^t ( t (2> 

/(WPDLSg-A<oiipC^7i «•< P(>ip 7 <i. : ‘lP 

Sivce Tki Final hu(uii\K v*i.ociiy *nbj rwtt, tap final 
Ama/lAR iTcfllwru'l Ault fe 2E*o, wr Som op(i) ai.lL;) 
MOST fiE £g*0. eOlAIT/US T*f COfFr. OF t AND A-7t) Zf (?0! 
^/.4VPi-j «)( F-D^AFA^+^.oy = o 

Co^AXFiit 4 ,-F6L & ) f (53 ,og Ayttfi -o 
0<{ F^* Ftt B i-ti.30l N-i Q3) 

FAf* -Far 6 T-,^60i/ a/. s (<() 

AND(y)5iNytT»NT(,u<Ly ; 

F6t^ = -/t3.2o W-s Fats' 7^.^ N-r 

TUP Fact TAA 7 Fof^o IM>>l AT6A THAI TH6 DIAM-NALLF 
OFftfi'TE THKDiTcy SHOIP Re o;FJ INSTEAD OF A 

(a.) TH-RULTeRJ BAND c 

Ct>) FAt B T 94.90 > Sj 4B s= = V,P*/ f 

rat ( '=jti,toV'S j &t c ? qhs 

ZO N 

(, C )IF THE VSLbO TT V OF r»e AA£S CcnTTK I-j TV »Z 
LIN<«A(vGEd ) tne FKiATANT OF TAE LINEAR IMPOLSPS 
AlIST Be ZeRO. 

-C F H)j-F(5WN)At f j- = £) 

- %.fotJ'S-Hs.lo*l'S i(sooa)At =d 

" 0,5101 5 bbfOMOs ^ 
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GNEH ' probe with 

w- zroofy'/c^ o.W*, 
k.r /.06V, Ar a - I.OZn- 
500-N main THttisreg t; 
10-H THMStcRS A, 6 ,C/> 
CA* EXPEL IN^HR. 
PROBE HftS hNT,. i/ElOCiir 
=(0.06-0 'nH/iJi 
-(O.OhO ra.A~/S k 


(a.) HIHUTH TNO THMftees SHOULD £)F 0 S CD To RCJ)<JC[ tOT* Z'T') 
0>J OPECAT IMS TIME OP - THt*s* THR^TEK^ 

(e) How LO A/C. SltcutD C BE ACT'v/filED If 7 « 70-Rf UNCH«M«P> 


HNeUiHR HOHCVTUH Q F MCtFO ElTEfi^ Boy 7 &. 


A home m ruM 

-s'■ A**! *• 7 i■' *C<>>i *■ + *»H *> 

-(* 500 kj)[$ 18m ) 1 (aoi 1 •«#)i 0,OWr*iis)k] 

=(lH*- 06 iy»i l A)l -(lOH.OYkj;T,y } )k (i) 

ArtGuintt of rVo jQ-t/ TH-nuiTeki 

!jee 50LU7)J"4 0 FPRO 6 /0, 3;-. ASSOMIMfr TMT TlKViTCfi* 
A AMD B ARB 05 tjj, ^ T=oo«/r> 

ANA. IMPULSE A&0U7 & 

= (0.6m)( F£r, - F t t fc )k 4 ( 1 , khS JJ «0(rot* pPo^y (?) 


SlM< 4 T TAP niJUL. HN6. L'ELOCiTV^vS, H+OS, THC FINAL 

AW&,MoHr^ruM must sr zr«o,TH-e sum of(i) anoOE) 

WUW BE JPSo. COOA 7 /VA r^r Corpr; 0F£ RMSlr To 7 eRQ 

(|,,VV 8 rJ*i)(FAb,,f FAt 8 )-HV«N 0 < fy.*'// =D 

(0,6*0(pi F5E B ')- |0'» C>1( Ay. .<,% = £) 

0 * + FA /^s - 77.R5-J N.5 ( 3 ) 

Far rt - Fa t B = i7}.in> aj-s (h) 

SOLvirJO (3) *‘■‘1, (I,) SrAlt'llA veDOS-.y « 

Fc ^ t p= 36.11 Y N-S FLt^a - t}6.H S n-s 

T«ir pnei that Fot^^o iMDicAits that Thi thIi’s/fh 
O, WHkF IS !>>APivy»icY' 'FiY’ns Tt> 6 3 *'\iiD A f USE B 
M^TZAD OF h. rif-JJi 

(5*) TH<U57r«5 4 avd E> ^g 

rAt 0 = 34 . e» 7 V M* , ^ = 

Fa f D - /».¥3V.5, A£ , , 

<0" 

fit,-- A&VVs ; /i t = 6.8Zs ^ 

(c) /P the v/ftociTr v op rne /Mss ^pi. ter k re 0e 

i/MCHMV(?EX>, T«E RTJiJLTfli'/T OF TM? Ll^fPC IHPVLSEi 
MU<>7 BE ZtK.0. 

-(^f a ); -Cf^^ + (soon)A t B ^ = 0 

- jtf. ^*7f AJ’S - 136,'li V.J f (500 N) 6,t K = 0 

At f rOJV7S ^ 


= [(1 -fOi K'V/Sft)-3CCDj+3a»A] 
=(9.7DSA.ib i ll,.s’//^( r 07 k ~l8.8j.Tl.8i Tltfiyirfft'/i) 

dft.Tte lb- it^X 2JS ~i ~ 27 j - &*) 

(H & ) h -^«J£ - /?/ - ,**•)* ro 

F)|Vl)L AWuljlli Aone»jroiF7 QT F«?i>B6 

(^^,1 ^^j | 
=(>76- if n.ft. i + ( m. nib-ft-Qtiji + 

(l J f5-57/l 3 .Hs r )^k (2) 

V* E*r*T* that (h 6 ) p =_0£0fH j) m 

Klr(nLil/VG (1) firJp(Z); 

/7(, 15td,i a /g 1 ?. IMf.rZpOj. kr 

- 12j- 11 k ) 

= *i.3t72 (l-/j j-IZ-h') 

8r6)v/\T/Ni tut eocff. pf t»'E oiR'7 [/ectoiu 1 

I76.IS1O* s k.it 7 a ) 4 •» O.Ol'ti'j r*A/s 

IW.II^z-flwi ^ =-0.2770 r^/s 
I VS; S7« a r-5Z. Wt *>a. * ~0. 36o6 n JJ £ 

- 02 *8**l/s)} - (0,277raft)£-( o,?> 60Co4jj)W ^ 


18.35 


GMfNt: 

PA03E \V/T« PkiiJciPAL CEWTROlSAt AXES X, «, PNX> 
vV= 3000 lb, kr I. 31> kj s I. h l 7 ttj k t ^ I. z 30 ft. 
P»lO0e HAS rJO AtJb, i/£U)l ITY A/HEH STRUCK A~ A Bk 5-Oi 
METEMilTF WITH Vet^otlTY RTLATli/e To PRo&E 

V 0 -- (2 ‘too H/s)i - (3 000 k/Oj -I (3W>ft7i)k 

FE-TPOAite ^BIFR&CS ofj OTHSH Sips of P^vCl MoviMIr 
IN SflFie JXRCCTlOlJ V/I7H SPF6D RKPUCCO ftY Vf/ v 
F\NZ>: FiMl fiioKui.** velocity OF PtOit- 
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18.36 





Given : 

PKuSF NrrH Plilfl/Cl Pill CEU Tt?0>t>AL Axe* z » * /\MD 

«*»» 16 ■ fa l^-fa < t ' A'u. 

rKfle; Alts wo l/c 7 !**CIrr V/FEW STR «.-* AT A ^>'^•- 0 ? 

WeTF^tn? //Hum enra^n WcTAr? jirs of fv./ec Hu/»/i 
I»s*f-T j>iku-"'..« */(TH speed Rt D oc(D ay 2 s-%. 
FlNl\L AV£IA-«C YECOcnr CP PSc 6F /i 

£*>=(*. 05^46)1-(a£,w/»;£ + *o a. 

A</D *. COMPsHE'/P Of CH A'vs-e /A V OFPSoBE /j 
A l£- - 0. 67fin>/». 

find : (*) *0, , 

(W R?U7|Vg ypiotiry” ^ of MEreoi-iTe w»to Hrf/cM 
/7 STRIKES 

CONSERVATION OFtltffAK PloAPWTi/A |*7 .XJMfcFauW 


Since I<T% of LINBAKI Hum . oF MfTtuk.rp /£» ruAffi- 

PER USD TO PHof B '• 

0.25- te yi lSlU? (tT) - 3000 /A /\ yr 

3 - °* 2 * 

( v o\-is. > x/o 5 A tj =3».H/)o(~0,i7SiP./^ . LS.HrUoio^ 

c%)~-zu>0 ft/s <3 

gWSFPVft~noAJ dp AflP'.riK MoAgHTu'i /m - '7 G_ 

/NITotl A(V6.^l*A(,oFHcn 0 8,ri: 

-sir 

Urctuu^fr that ito ff/s awco u4<«6 j>trprU'AA'vr 

(HA, =• £Njr, V 0,75 fr 

' (,4 A =3$%?- [-o.-wtyL-Ouo+xqy+f(ityt] 

Final AN&riOM, of PR06t; ^ 

y 4rVu+ 

fe) 

5iwee 257. Of A'/fWM K faom. cf/im«:iTe &Tf»*v:re»-«j> 

70 PR08I,(Ff & ) p = 0,2S-(H^ ON, RPCALUf/fr (0 a*#CO-‘ 

3000 [(|,37>t/( 0,U5)] - (l.4Iy)Yo.iZj^ 4 LU50)\) r A 

fyOUTE THj COPFF, Or VHiT VEcToH.0 i 

® io3.si = - 0,Qsem(rr3 fttt -_***<> ,tfi O 

®-731.03?-lli.fi- O.TOiisWi <] 

B ‘♦187,5 <J,r o, 703 /3 (- 4Biyo) 0 .72L rod/ s <1 

MSWrKL-. 

(«■') a)j a ~onn r*&k ^ 

(t>) y fl =-(a ito ^)o-(» b h)l ◄ 


18.37 Gn/BoJi 

R l<S-/15 ftJDV u/iTW F/ypC PD/^7 0, M6. VELOCITYca 
Awa-vla « HoneNTUM ^ a.wi> KiHent gis/ERiY T. 
3 HOwJ_7WAT*. (a.) H .CO = 2T, 

<f>) & < ^0*, WHpei a s It AntfLS eFT'VFBA/a) AH3 Hj, 

(5x) ys/AJ6 rciHciFAc a»c5 as cjoAoihatc axk,wi^si^t 

4,' ("A * h i£t *i-t )‘(^xi ♦ «■«•>* A) 

= + f H,. (0, (0 

SlfJcc JC V i /rfle p4i«/Ci PAW AKffi- 

H>'ro 

Scenn vtc ("To (O'. 

H # -f £ I,*^V ^ ft) 

BOT F«.„ E»,(/B.zp) ) t=^X,<4 I„ 
vJe Cowcluoc TH-ft 

^ H'^^T Cw.t.t).) ^ 

"V* (i) <^»A/ ■E^P^tiS THC SC ALA* PftoDOCT AS 


•y^ (6) lit OIA 


0 ) co s ^ 


0 - ^ ^ 0 

TtH(5; Cos&_-jV^ = »£Z! > O Since 7>0 

lid 4,w 

5 iNcb lcs & >0 i we *hat H-aviz & < 


18.38 /*• g/v/giN; 

» JW RlLriO floor iv<TA nvet)P untO-J 

«0= /NSTAvrA/vFoo* aa/s, \reux.iTr< 
1^- HOHtNT OF I ypITTi A OFfi^K 
Ml/'m I ABOJT LlNFOF ACAOA i3L 

Mh»m *F£?. 

J.HQW THAT r-j-l 0L ^ 

(jl) USING. PQS. (4M) AHJI ( 18.10, 
(b)C0Ns ne«Ii06 T As the- SUFI 
_ OF THE fr. f. OF PARTICLES ?£• 


(a) e&,(ieue): 

Tr WO 

^ f 

AA“T L*\ r A* CXS& * aJ Px 
lA^ s' cos = cA 
♦4 : 0)4 ^ 

Sc/fisTiTy-re /^7o !ru.(_ie./*/)•■ 

T, i Gtf+2rf+! 

8uT ( 6r r« (A. vt) OF Sec. /6. fxp/jrssio^ /a/ p*ijf«THtsw 
« ^ . THUS • 

T "f 2 ol° ◄ 

C6) e-Ach Particle Fj 3>ejcRi*.cs a circle orifflOioii 
cEvrecn) owol. wiT« a r^Fto v^-^o) ti+ertto® c 

T=±^-(*«iW= £ 

©OT 

THzerro kc: 

T-i^l' 0 ’ fa,W>D ◄ 
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ASSEMBLY OF PROt. IB-1 
FOR EAe* «0D ; • 

-ww.jfea 

J&TH - 600iv’ 
ASSfMBtV ftoT^7r5 
W/lTM F> = 12 <V<//<5 . 

^ Fi'JJJ •' 

' fcvt/rnc en^fY 

OF ASESM&'-V. 


Gn/es: P>SK of PKoa. Ift. H.wn 
f'Hp-. kinetic energy fir-Pitu 


WE RESOIVE 60- A'.iVl6-T«f 
■pci IClFrtl cEHT*,0U,At A*sj 

s*y* i 

a^ ( =-u>JiVi^ t^.nJ cmj^ *0^ = 0 

e«J (10.10)1 

-L*.*>t,f(sii?fi + z ^‘z 3 ) 

= i 411 t0 l ( I +- go i/4 ) 

■z£wl*cJ*( I +u>s't$') 
T=0,UWlA ◄ 


uSlMG- PRiRcipai. rtxFi : 

Coi ®'7®' b*M\* l *i 

- coc&iO u) zoisipti tJ=0 


£n/£K>: 

5 Hhf» or O’!^. Jfi./j 
OF MASS w) HoTATl^fc 
With ang.v/ei.. to. 

KW-E T, C EWeR&y «'P 
5MAF7. 


t= r ^ v f 

T- + / j-we*tO l p 1 /i‘6+-o)- 
-X ( l.5kc s )(0.6«?(ilraS/s) "sinm,HI* 
TV IM7 cr 


£A/E^; 

J)ISKoF«b 6 .iB ,2 <?F Mo:: h 

AND RMXUS t RlTATiWF h; <u,*^g. 
F|nj>,' 

KtHETC ENERGY OF DISK. 


iH.-«'r-."_r ™_ 

f*4-*nt x (ir+iy, 

PU t f 8. ! 9) RzovctS Tr T - ^ j^cO 1 

riUCik>~VL,il. rt < Tiqi.I (.'*• M® I!- 

CIKi-i £•*•(. f\l iii f* 1 * r :S , % 

* =■ f7t 5 4f»’ s -- ~ l T t - »• 

, .. c<*ijF 775T70 

lL--. t uS = -K ,»*V>' 


TFPRZFi.il* 


TzOilMbritti 


18.44 Gl\ZEN :7Rii\iir-t ■ :•* Put 

-—- OF Amii 4«r7.5/y WiTW, 

FIND: Kinetic FNZRRY of Pi-HTf 


GIYEM '. 10-lb REC-TaNGCX'Sk PLM5 
prod. 18,3 ROTAiiisir, WITH pJ -Floats 
MSoor x Axis. 

find; lower ic energy of pi .nf 


WE l£.E PfflNC.CEN'Tft'll'HC ftxEr 
With 

W- = 0,5 9-2 6. S"6 s' 


12 

WH^fiF 4N .-7,J kg, hr CB~(0.I2 

T '" s W'rP'’W w ")' 

.=■ IB.oo x io • i*** 

Si'toTiTi'7/ivC. TH/i i//»tVE FOR J 
And | 2 r«a/i Por iO iNto(l) t *!t? 
Hfli/t , 






18.47 CiygHj 

t\it is riP /R h iihTM 

U/viCu T ii/ _ Q Ik 

~y" 1 nVD. \D> ? Vv ’ l ^ 

AWD AW&OLAe I/Eucmes «0 /= 1 Zrai/< 
p 1 pw I> • fell^ETIf BMERGY or DISK. 

"tl®H 1 Vv s 0 
K^D c^x A rt>4& 


=1ihc^*€ , 4 

+ 0.M4 4 + li.S] 
-5.I71H fMi 
T= 5,11 ft-lb 


18.48 

- J>ISK or PRPE. 10.6 WITH lA/eifrMT m/- 6 /fc 

AMD A^SWLA« V/tLOClTIES {0, x lb rt*/f A,rJ]> tAf 8P>d/s. 

Tin d : ^iiJittic EMr»6r oriis*. 


18.46 


zu(ib.i?): 

T *****t&4if4$ 

h WH«£ V*= d/CAC) 1 

T"^, W/THCAC^r(A6)*4(B0‘ 

T Wtr2(^/r)‘r /. 175 

^ ,rimi'=«.Z222* 


T/405; T r i (*«■*+ I, A>‘+ Ij ,*>/+£> ) 

= ^ "i [ /. II5cbf f 0.11 llttf+ 0.mx A 1 ] 
- r TiStt? ['• 23 6 C s **&* * 


18.49 and 18.50 


GIVEH: FA«ALLtLcPiPfP OF 
(8.V9 : frob. /g.7 (Sotip.) 

16, so :fRoe>. 16.8 (hollow) 

FINJK KINETIC ENERGY 

- ~~ Sn*cT& lVflHV^X^,£~ 
AM pklNaPni A^S, OSt (18,20) 

«/«TH ML , - ^——ci 

, * /a l ia l +4a* 

x 16 * it> * it 

TrtUS ; Tr 1 L(I i+ ^ + ^» (I) 


■ 'g.13 <ve N4n£ 2-i_r-i- < orfl l +(M)‘]-‘| Trlma 
^uesrtrun; /im ( j)» • R *• J * * 

TB a**($ 4 £ 4 4-K --k ma d a ') ◄ 

(CONTINUED) 


5il\lCe ts x » A. =■ O, EQ.( 16, i^) KeuucesTO 

. T «® 

* j Jg, d Pot? flive a-rm(of mass nys 

sl^» v<*V ? dM1 >\ 

For 607« ARMS.* j^oHaS.^ 5^ , (l^f' 

id. (WSS7 /fc.-ft-J* 

A t/D < 0 _- J 6 d SV - JCO - 12 n cdk 
*0 s 

Ttftfi; (0,1*5*7 h-H'/Xim r *4k) 

T- 103.5 fob 


Gi-fi i: 

Holloa 5a5V<- A6lWWi/M 

Of* OF F'PJfi./8.Z/. 
<T'>rr n p.t*-*r coL>ni 
C FOR I.ZS IN S>l«*rtl*1 
prf -’Mil' )MtW TOPLAOC 
Aec wit« a.;.it, Fo*c.r 

CflUilUO Cl/IE 
I REV IM 7s. 

FIND' klNETtC "MEC6Y 
iMPKCtcfcTlj CUB^ • 


Direct CorAPi.MMiaN qt K.c. 

WC HA\/l p>-r(ZfTr,id)/ 5 S = 1.R5S6 nyA/i 

WF *!ChlL Ffr»l\ Pk.>e. IB.II THAT Aft |i M PRlMEtPfrL 

Afi6 «.jl- that ^; 1 on a ‘ “huj, ea.(is.M) ymru 

~ T ~? j j|w<t‘«O l = ^ -wi (5 fOY UFti r«4/^ 1 

fcu7 «/F Rjufij) |lV PRoi. 18.71 THAI \/Jr2Zb lb 

rm : ~^~3t> irjWs^ 3 ^ 1 ' 1 ^ r ‘*tf e3 *- li * (t ^ 

T--3ftSff./t 

A' tecmhU'/f sc. • tioh 

U/f y»7e the p e. /mPaRtcp td th? cuee is 
E«oi>l7ot«f Work 0^ Doit By Tk .TictfiT' 

T = 0,^ t - FA5 

IKHTCt F- >2.,5 »• ANI> i5 :j- LT^t =1 £0 fc At 
RtCftU|N ,lV TH-AT 7Mt RAi)lOi,fcOF THE CIRClff beMSIBciJ 
fY c iS (SEE HIM IN PRoE. 16.2 0 

4r/» VT/T = (S lt)'fz/3 ~ *,0bTZ -O' 

WF Mnyf DSr i(/.'.r<Am2/i)(«. D8:s-U)lUs): 3.078-ft 
Avj> T-- (I2.7IL)(3.078 fh)- 38,18 (/■lb ) T-58.5 H lb ^ 


g i\2eaI ; 

AiSEMBL'T OP PR»£. 10,19 
which Rom76S «t 360rpA. 
EACM L-5M6PEX) AKM 
WEIGHS 5 lb, 

FIM pi 

Mimetic en/ERby OF 
ASSEMBLY. 
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18.56 t>i$K or pros. ifs-Z. 

FiMp: RPHC 0FC(+ft^<SC h & of h^.- 


F'Rom f*o& /a. t : 

£*? » 40j j 4 tJ, k 

t! & - £ tm A) 

V/E flO~IE TRAT TH-F AViSvlAR vSLOO.Tr OF TH-E 

PWME &*V S W i • 


E*(ib.U) '■ 


6, = (*«)* + x t! & = o + 

6 * tf-EJi 


ilx 


Ti+Ub: H = + 

H r j -W 4*60, lOj t ^ 


10 57 ^iv/CN: Pl/»t e op ppofi./a, 3 rJeic,i+i*>Cr 

—— ‘ a/ I8lt> / VH-im Rotates w/rrrt tO-5 r*«//<-• 

Fi/vp; RflTt of cn*d6c tf of h . 

~~ ■ ■ & ~fl- 


«/£ Hfrv'E 40 = (SraJJi)i 

scs solution pf pro&■ is. 3 for r«F jieeiv/A-mW 

o p r<j, (a): 

f/ » 0M U7 lb- ft- i)i - (o .2 7<? 5 & f/ s)A 

Ftf^/a.72).* 

+ Axt/ a = 0+£ xtf* 

T«Ui: - (5roA/i)L x[b,3727 lb.tt->)i-(0,Z7‘t$lb.(t.s)k] 

H^(/.ilBlb'{t)£ ^ 

Iftfift | GtJEu; disk amp sh^ft petift. ir*< 

FiNP - * Rate ofcwamse H or H 

- -S “"&• 


£^4 l^lRCr TH-e PRINCIPAL AtfEi Gxy*, 

/" Ve FOOP.P/N PPOB.I&V THAI 

eO r. cO (-Sinjbi 1 4- cos^') 

£ o- (IM2): ft, - (H_1 .fJlxH :0+MK H. 

-t *6 - & 

W & = w(-$In Pi’t&iPj') X±m)i£io(-s;n/ii'h2v>$pj') 

- - m>LtO t (~t*i n firMfi b f coi^ii iny3 Aj 

£•- ' ffltVsirtl/S A; x-jjVltWsJflSO* 

Hr- 0,0158 <>n tfo’ A -<| 
_ & 


18.59- £ |v>gNj ' 2 >i5k of pxob. itf.ir vvsi+R'Ms- a ib. 

- WITH tO,r 12 r« 4 /i and to 2 ri frrt d^ 

Find: B.«Te op euxt/Sf op 

UilNO PRINCIPAL CfNTP' lDAL A/tF 

to-O, j t/o, A £■-*>,£ 

-a r ?.*V- 44 V w) f■- r 

4 £x b, A 0 + ** j y h a 

—fl = !<) - } <0^ £ 

V.TP eve. MT*' 

H=(l.03?/b-ft)i ^ 


18.60 CHJFtJ : Sisk OF PRoB. I ft. 6 vyBiCrHirtc, <5 li. 

■f/irrt tOj r I 6 n> d/j A f/® eOj r iJ r»«(/<, 

Fin&; ratf of cn*rfist A oFH.. - 

— A -A 

l/SlN<jr pR.IAtiPAL CENT l?tf IpA l Sf«* Az'^'e' 1 . 
s «0 4 l 4 c0| i SL - A>J £ 

0 xi •■ V^i-i-^Vv-- i + f 

£Q.(l0.22)i 

H - ( W A +XlyH a o -i a! u£ x P. 

-A ” ^ a " 

r {O^iy -m t‘cJ, 4 + ^-"Wl t'o), A 

WITH 6in/S(J x>A7A; 

4 = i 

il.= (5.30 lb-it)k ^ 

_n 


18.61 GMThi : AS5EHB 1 /OF 7P0B, Ig./. 

FbR CflcH RW>; -rn ? br ^oO-nm 

at coMS'ie^eu, ^{n r a J/i)j. ^ a =(V>raA/i‘)i , 

Find: Rate ofC«<W6s H t)F H . 

-0 -ft 


/9’ PROM p«08. IB. I*. ©r-MI.41* 

-„/ . PRlNClPAt AXEJ : 


t out or 

PAPER 


'dOraJ* , V 

" j^T ~ u)(cosdi +*•**£') 

l5: ^ - -0< ~ ot « « (Ctn0t' tsinbj') 

E > 


iVfPiY pa.OP.^2), oBsrwug rnm a = : 

^ =(! ^px- 3 -e + ^* b P “ + 

= i_ /m 0*o( i> a Bj't oO^coift i'+s'mg j 'j y ’<oii nB^’ 

- _fc 

3 /^l BUT j's- Sint? 4 + C4>s e J. 

y4.’ THui ’ 

& 1/2 _£ Ff e *c«>je^| 

H ^-Lw^‘jim8(«s;nt)URca5e^+63*00 5 8 (f) (0 

IV/TH ffluFft/pATM. 1 

tr)=/,Fk|, {= 0 , 6 *, c3.-/Zr a <l/t, 4:16 raJ/ s ‘ 9= A I.RJ. 

^’ r rt ^ all'll "[(lb ra */i) Si" “A^Ci + 

(lb roi/i') cos + (/2 m4^/a.» 

H =■ (/.B50/V.*i)i + (2,»NN.w)j.+(3.ai N.ni)A 


18 62 6 iv/EW: ASsci ieLy of pros. 16 . *• 

-—- FOR PACH ROD! W = 1.5^3 , f :EOI)m*. 

AT INttnNT <V u? lUtMlD, feO =(l2»«.<l|/ii, 

PlNP: RATE OFCrlAN&E ]+ f F /N . 


ji/fcsjir^re givem path into ed.(i) of 

6d*+ otRisej nO J a*eA) (i) 

H r- i (Ij: Ki)[ 0 . bvifs ;0 H\■ *fI* [ - (% nt/s*) Sin M1. 1 * 1 '+ 

_j | ‘ (-ft. rdk’jtoiVUm’j 

H^r - (I.8A& —(t.l<f N-fn)£ + (3,2 I ft'"") j< ^ 
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18.63 ft /nstant cows/dekfd , t&-/t 18 65 *1 

- 1 - PLAT* OF PRoe.. /tf.J Wrtj fO = [5rod/ s ')i. - : - Ci 

Ant Oc - - (Xa rad/S) l . 

Tin p; RflTeorw^dfH of H 4jS 


fee 5bLUTioi\l OF Pwoe.ia? poathe DeawHrmv or iwowm ^^e M tLv ^oiat-es ami 

^-L( tf . 0 7VS-3V/4.ff.5‘)t-^,d>-?^l/t-H>'>y fll J COUS1A-T cos 8 rni/i. 

. V*«o«» FIND' 

Sinr t tS =?0(, we "HOC V^fe \ - 

« Wf \4 0 tjv^amic rtauiows at a 

(M ) ~ (O.OVlttHt - 0-05?7'tk)0( anP B- 

S r y j ; \ flOOrnnH ____ _ __ 

il (£,)• m +'***6 ^IIE7)ylbljx 

R y H--I to,H *1 us W=-I aJ (I) 

r/'a^W^-o.orcfaiMoY * *9 ’ > > u 

■ +A31 X (0.O7WV k) W , 0^ P ft E * 2 t OF w^T ja; 

1 r2 (« J U g _f« (lab 1 ) r U4« cwerj 

- o.or-tr3v hi, -o.o?Tio\o(lf + o,o'>$‘ioi*'-± <? A ^ Q b * J 

CFTTlRC. X - - 20 roA/s‘ A-<vr> *0 ■* if rodji , ^ = ? (^ ^.'WO'V 2 T^“ b r ?] 

F a 0,01'lSS‘t (-20) l +0,OSS‘10i(5) x -A-OoS$10l(-Z<)k lj,~ 0 

” P«Un H - -iwabiJL +{i»i^3j CL) 

H z-(i. i mtb-(r)it(i.3i6lt.#)j +(I> HBIb-ujk <* e&.o&.ZT,: " s fc ' - 

----—---- A=((5) = o+*>xH = «oi xfliojAr^i+ifc'i) 

18.64 Gi^BN : at /m£t«*/ 7 cows*: ja jHflr" ^ 0Jt jr* ” & 

- : ——' Or /Rb rfds M/Si»'-«» *■ /Stvnr hf = j-wab^'k = 1^5)jy)(0,9m)(o.feni)(ar«u</s)‘'sC?fi , ,8 Mw)jk 

UvUlL Af/c, Ar/A"(.|-ifc A cr 5 •LAnONOfstfi & ” ~ 6 

F/rvr>: Rate of Ch, 1 ^ ;? h of H 2 OF m,_oN; we e*w« rc tm e syltemc <-f 

- ■ “& A 1% EXTERNA!. AND FFrcCTWf fDNCIS. 

fFfcE solution OF P*ot, i&,* For trf \b * \ 4 > \* 0 jiU k 

AF H . UJIN& *>• PMMC-FviCF,,!*.,,^ ^ \ j __ « <««* V CV^K*'** 

T , , 4,1 oiihmxl zo.( i): y\ tUfitl = lb,& * 

j /*’ u , » , . ... , A ... i ; I Hr(?aeHfr ^ =-/6/v/ Aj-o 

^r--J H «J- «tw '-S'.tf.l +2u>iOi) 4^ x . * ^ 

/T^g*.. " 6 1 V- . ^=-(moh) 4 ◄dj 

tl To rEvekt n v* Zf = 5 ai-b = c> 8=(lb.ooN)i 


Glv ef/; 

ASSEMBLY COWWflN <> OF 
TWO 7J?iAIVS-IAA« PLATCi, 
tP4M OF M(*iS <W\r . 
WSiDEd TO VtffTfcAl SHAFT 
AWeM&LY *,utAT-6S «I1<I 
CoWSIAmT 00 z 8 rnd/i. 

\«.:900min FlHX>: 

I>y»./AMiC K? Actions at A 
AND £• 


JL BOO mm S IF*Ct <£> = Oi j , 

p«5l UR7) yield 

/HlV'E - m AC- Pf. .UPC7 ; OF ineptiA ; 

y*(%*»,»"*)**$-ll2 a ' l,i) = J trf.We-^J 

J « •»(*T-, 


?ee ?c?luiipn of Pt'oe,i8,* FOK TRPPMTe«nwnr^n \t 
FT £j r . WiNf, PKintdPPice ' Nt • B 
Gx’yt t ofcTHiy-t rc/.f /): 

H m-L‘ml\i(-sin(i > + Stoifij’j 

K £,4--AL * To REvrsr r< f*--* oniM/vm 

,< A/FS G-*bl. wE OcCTi vE 

tk* r 

L' - L coif - j. Silly* 
i'-i 5 '"/5 F^ C/-t^ 

5w0S7iTl/Tl WF /WTO CO .' 

H. mew r-5iny» ;,, /‘ 4 ) 4 

2casp( L oib ) 

= ^ti^i<u>s/?j +c/FCas’/5) 

5lfJcE fO ^raf 


18.66 


<S fv/e/v: 

, Roi A8 OFHASS-M b WELDED 

M J TO SHAFT Ct,OFtEH6TH2b UIHIW 
RriAT6 AT COKSTIMJT RftTf lo- 
Find: 

DYNAnwc RTAC-Mom at c 

FNt D. 


\ ^ Sin<; TftEr rt;s ' ES 
N J 2 --T.i w t‘ 

r 't ^ ** w * 5 

^ H =T Dl I’ + 1 u3 i”*T »> k 

»*WA,,** n -■ 4 p* ' * 

+ aj^-x ' hi c’/jfj/' 1 / n>s ( ;j + fi i-^YJ &j . . f ,. . 

• , ^ ^ OP,SlNcZ tJTAJi + ic«/S: H r4wbiOCOi/3COinftt >Mpi) (0 

H_r iNH t «[^Siuj5oc fij f(Ktoi’/S);]- LiDiO^infxiifi^ tO.(ll\-.,: ” 6 

/.ETTlNf- fb-ZS”'' H =(hr\ =0 + L 051 f 

H -1 •xis'i*- (O.IB'jOZ i + UZIYi ) “ i/* ‘'‘<S(o.itio2)k C ., , . 6 . 

”& 4 u ' ~ J - toi x imifciOCflt/T./^lTi/i i +V.Ai) 


it 5>i‘'^^c^+Cncoc'/5)j] 

K/E C7SF ?a. (Id.z?) ia/i TH ^-= b 1 = 60 £ ■ 

H -(H ) + a 3< H - J. in ‘/X [si»f 


H D-»n4 l ('o.OYy6‘VL + O.Y^S^ - 0.0 <] F» o? k) 

Cr 


V^V>^' sr0+e, -‘ 

- ^ L‘*\b % <totM.j‘*(£\opl 

- - j inbAj*oin t tcoi(> k 

(CONTI VOID) 
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18.66 continued ^ fhoh ppmhm/s p<k>£ 
feQuw.o^ orw'o* V'3 «kV,!••/»«? fc 

cJ* ft* WF ElJUrtTf THc StSTCffc Of 

Aa^*I "*"£ ^FTtfiHUL ftV0EfFSf»»tpjHCES 

X b 
jN-X = _> 

a X |X| b X X -IbC^-HU+LT, 

j)l -g -i/mb'ajVin |^a>?./iK 

J £1^1 ~~ Ttfos; C^r ^ W bu/sin ^<*5/3 j C= o 

Cri<*ibt3 , SliifJcfl»^j' 

? C+5-0 J) = - g»n bfciVsin^Cci^S «. 


18.67 *1 


*X _2 


Qi i/F m: !(,-/[) Shaft u/hh uwiforfi cf.os*. r*. 

ROTrtlEi *7 COM'Tr«A/,T jJrMf J?sllr«ii/i, 

Fl*P ; J>V'J»;llC F*F.T|.,iF a ,»,/* £. 


MoHO/K A"Z F»0 ir.u; ; j<- /■ t C t,A 

j.i i*F Diflon by a. rt*r ^et>ry» 

r <>r am fftff/fs./T £» -> 

i/'t/l ITS MASS . lAi^H THff 

a ' ' / \, CSt/Tn c**l »*ES tfvtk’i'; 


'’StlTx »*ES (Jjt/j'*; 

2, 3 *«*‘**tt «»>$?»« 


£,,, = S^s; = j -m^ja *2'm i (j) s Zmc? 

-& = I/* Z ~~ly* i j'~^ £j - 3 J'»>«**) l - iK'AtOk (I) 

*•'*"* V^V*^ - 0 «*i» s* 

tfg r<0j.^ (H>watoi-Z'»i<2‘< l > k) s 2*i 
fOOAliDAK OF MOTION 

- rCfilU * 

vi L ^ 

/XX 4- , »^*r-*%i= 

A,k ,X| — * = 2 «««’«/£ 

^ & THUS: B 3 rO, Bj* - b«’att* 

3»- Br-^iru«‘<r 

?F = J•. P + 6 = 0 A = - B = J^/niatit'k 

®*i*i *-• s i-- i mw s .- Mtl " ! •*** 

* ^ *’h . tr 0 t ~7S ft U2 s- 12 r*J/b 

T/iUS • 

A.r£(ft£>6ZltZ 0*/tf)(o,7SfFXl2rA<V<)*- 3.55V IL> 

A - (3.3S- /t»)fc ; B =-(3.35-lb) k ^ 


rM tftJTMioN AT . MUIHS'I ■' Ff'P ?<W>UC TF, (2f 'H5.KTlP 
tbFySS- TFi CEtJTfio'VAL bXci Doc^'i'. 
po d, efic Hsa um?£.' ^/ r j- Lilt - -&? 

l k =±*ia*f 4 A(j‘$\ v-rti/t- 

y «®(-*)--if ««7* Jf 0 

FO« TgiO^g-e ■ *? . ^ 

'^■US-i,^' I”‘‘*r 

h r.,^ ^r<\.,.- itm) ^-'¥ pr.i 

^ * #>cw. ft, ~ 72 #F n iz 7 

= -0,UHt>97S/$ 2*1*° 

r o4. a s_" FfipLY: 

1* r (? X ao7£-»-2 y (?. OWs)/$ r ft /«75^ 

^ r 2^-0^f6?y;/^ r - 0.lt25/f 

J *V =^-°'°^ iB1S )/) : ’ O.0V7^ 

k*G u/At, nonetr: jri f .1 

-V'^'VrV-^ 

>i D -(O.I87^i V O.Ulfj.* 0,0*1375$(<*$) (l) 

F0.(18,22) : 4>*(Xi>;tjy O + iJIyH^ 

5/NCE o.- X^orput r 0fT rai/ijAHP i Y ‘ 

ij^s (o.ni9 K-fi.o<j)7si)(air)% 

H. =r -(l.dTtfl &.ft)j kfrtOSf lb‘ft)L 
£t&?UA7/0a/S of H 07' ON 

x =- T - 0 

/R^ **(2.1061/6(01! 

»' /t? 

2^/t K 

= : (?Wz y ^ 0 1 ■ /< 9 3 ^I j+ 7 , 2061 k 

-l&it =- l.831l{ +2.2061* 

TWJt Bj =j (2,2061) - 1,103 V li 
Bj =2(1,0311) = o.l 126 /t> 

3s(l, loi n,)j+(0,120Ik)£ ^ 

rf = ? f, & : A + B = O 

/J «- B A--(I.IOJIit)} -(0,920lb) k ^ 
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18.69 



75 ram 75 mm 


18-ky WH<r£l /j flTTOCHfO T U 

BnLArJONC- AMIl+ IWE . 

iVi+ri.7 «**ctHiy£ 5 r. vj f.t ths 
*«ts <5F rev/i u 

Fo''/id to r/fr<T 9 // /KtHiur 
A F 0 £Cf»O«>. Pip *■*■ ».“ 
CoNSiiT'tlO- 0* 

1 _f-(/*OVJ^ APPUeiATC 

Pwp; 

(a..) z> /s ta*/ c E £ FutN* axis re <r, 
*VJ, ^ , 

(A) 7Tfc two Coi7aem*'e MA5£rs 
Kt(?U|RE.D T 0 BAlAMCE^f IVH^L 
A«A A7 *IHI0W 0F Point? A, B, C, D 
T«S/ Should 6? P'.AcED. | 


18.70 I 



fciygM : 

/8~P£ wheel ii rtTTAxrtc. 

TV pALPntnJC-Mrtti-lt/e A«p 

5P'V* ATTi-’Ro-r /ynrv/i 
WeXHMC FiMp} TUrtr * (70-3 
MASS PLAlCS AT S A/vp A 

f6-£ M*« Placed 4r r>rt»» 

perjir> TO JTlUrlfJl* \)lnm. 

~ Finp: 

fi?R>Af ine 

C 1 ?_T/:rAwct £ WA * • JV >» 

T5S xi,c 7^ xwr' iii 
^ Trf^ Ft>t r -a q*it '•" tit 
HT .. »vi* ITT *X! *■*<** 

7r ,- Ei.lT3iy7A« nlneri- ;."IT«E 
M(4c*/|(slT. 


. J____ 1 _ _I_ _ (f>) /\rTlf i\ rue CdARecT/Vf fjni/t ge^W 

(&) THE FoHCi EXCOTFi) piy TFE WHCE u MtET iirfl(fivMLT" | r Tiff 5 rSTTM 0F T^e TxtTUivuw F<*cii 15 ZtRiJ 

Tfl T/+* BFrZtTrtB ‘•caret. 'H-PSgftiCE, TAP STS.7EM OF me EFreC7lve roOCES Mu'7 

g - cT F - Ftt* a? rvuci a-ewt tu 2r*?o jivtc mg- lacbep of 

/ , . /-to -<ttoNAa-r/8«a i r " r iS Pt/K «**•* ™ *■ '•»«. tm-p^s* 

•(t'*.7fV.<w)(c _ (S’*— 1 _ {, - - fr'/rrp G- n wt i/MSAcAVora wattl hut ft prow 

(liON)j. “C i,: 8,88*1"/? THAT AXIS 

LJ " _ «*7 a =Eco‘ ^rffA^D^ViV^ 115 

/ ULh') . . ^ 


$ - a* _ a.gegT>v^ _ / i*mj) > - /( j *,,, 
- «' "(^,5X2^44/ 

2 = I. Wl itm 

Z(£S a U : -On*'”)k = 4. CO 

for H & - l f «o j. -1 «J; - J,, tPj- 

AMD 4 “ ^ (7r*°J " I /; '*V - ^ 

<u^Tnj-B t« (t\* - fr.lk--T it' k lo'-- 

. }> 4 

Thus: t 

Tiy (i3SX?n<nj s )~ V -»> 


+1 •• <« <t - % v^=o 

) tiO' - CO. < 70 A^XO. '6Z")<A f 
p 4(0.0^6 *t)(0.IBiin) A'=CJ 

/el - {l).l70)(0. ie’)-( 0 . 0 F 6 X<J.lB<) 
I-/./577V/5’,w tx 1,1X3 
4? 2 r(^ { k - ° * 

fi-‘f< a A (C,OlCm)-‘l" J! a o (o.07f,«) =o 

A ' % *'0L<> , (clC>7r) + 'i»pt [> F> , (o.07j 

3.075* =CA '70+ 0,0%Xo, lS2X0CJS)Ld * 

H_- 3.08*4*J'flid’-lf a) 

SINCB. mi P«sr T«u C H s H =3.0 WxiS'O'k (a) 

' - "5 “ 

luT H r 1 A) i- J tt^-X OA- 
-C X ' ^ ^ - 


(&) ynn coPftccTve xiA<ses taf FoOtei pxf’-reo a*j> (J 0 i-f oj-I u^N =-7 caVr+I 0*1 [ 3 ) 

r/,* Tf *2 ^/efcet f¥ftp rov^v/^t.rf/7 7u ^iv *r#fr ^ *> ) "*i - /* J! 

grptcmc. rtV(t\ Tu ALSO FS rv rli-LLVl T* :?to, ^6?^^ //Ai/f -7 - = ^ 


r /»e xi a; t «(/s7 pe pux'l. 11 4 ATii E; 


4," -3.08 ^..w* 


o> 

J..=0 


(?. I82«' / 


T ^ —" ' n, i - "”V a A *''j. — 0 (fa) 7/ir FortfE-cy.iP-? jrsT?<^ e^p«tl*d om tup nMt- 

/'^i -«i/j)Co i8Z*n)id*-(l8i#)i<^‘' 6f>*o«? coR.-ctine c.*7 r< rn/Eter.j nTTAtr-n. 

^ « rfru ^ ro efF - cT,vr 1 

*>,-*»= aiiw i (z) ^(isxirrr^tie^ty 

$T(k c ),(f-Ct 1 ^C'^ 6 - X '°'Y ^xZft^XJr X (21 V M-mJf 


TV the P?cT(V.. r Fu4ceil 
- .t • _ 11 /’3 \/._ 


r -1 1 f5r 0 * 

£ (« e a c + mt^yo.ois*,) - Hr = ° 

t~ ( 1H f "* ”'/t)(<3. l&ZX^Orfs)- IH, 7 =£3 

BOTi-iCi i3o.075m (7H f ftii JfO.lBiX 1 *.*’’ In) (0.075) = W./ 
^r + ^i+" <, ' n ‘ f5y ^ 

SOLVikbfc) *V!> (3) ^1 HLurAAiEooi'-Y r 

4-U ' /£. DJ <i </o\ij , •- 158 .55 >( /o' 1 kj 

/7 <A Ai/j, 5 j 'm^-lb.oi^ , tt ) B = IfV.eg. ^ 


thf Fopfe couFi.r e*Z(fT? a bt r<*f wneFL 

Q/U TUB XI HCH-iV f acrwf Tut COOlEtTlye AlFSSe* 
HA/t* eEgM at TA£WC o 


= -A4 - _(?7. u 
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18.71 


Givzh; 

^ hiC*i , i'r POoe.l&t: 

COtK/'TifiHl nr r«''«7*lAW6ul»U’ 
fH-JEJ'/fetCHo? mass 
A ”»l -Pk^r H> At Re ^ T 

\fjrtr*l A CovOte <M= 

fc Y I800ram iMoMC/r M 0 S.(36 Hrn)j 

'^~\ D fs *PPu*D To SHAFT AS. 

Fl N£ >> 

600.wi , fa) A^SUMl? HKEHSATW'' 

g KOUntm oF ASSZnilY) 

(b'ilNITIIH DTr/AHIc. 

SFUfTKWS A T A AnP £. 


See suur/DH ofTkoz, 10,45- pjn Dn.i*nTian of -ee.CQ 
H fr - - + L'tnb'cjj (2) 

&('»■?» i = (&\x r S^ = ^4 r » + ° 

S'lNCF 42 * tO - o WH*N COuQlH It APPLfZS), TAUi 


18.72 




• — Fi 6 fc> C* 1 4- i *r. t l O( i 


fofi. 6 - J 1 

S of Mo tion ; ?<>.)/i/,<' swc r of AAt.'e p aa/o 

L** 7 i , zrni-rive riKces. 


- 4 

*— ' jfib'ct*} 

ft.H — . ’ r* 


-^iab«L G 




GIVEN: 

A6StH8Ly 0FPAO0./&6S, 
ConSi$T/n( OF RPOOF NASf* 
wmiro TO shaft cfl <JF 

CEfJOTH Zb . r&>ZF\QLYIS at 

R*$r vVfte^CtwPLE OF 
Momehtm =M o J./6 
APP(_I EP _ TO 5 HAFT CD 

w; 

(pOANSi/(.At *ccete««TioM 
1 of A^eMei/, 

/(^iHrrpU. j>r«/<vMi«- 
RpACTlOM 5 AT C AM> D. 


Set 5 toLUT|B*l 0 F fVo /4 FOfi 5e«H/A7loA or ew.o>' 

H^t j-m b'cOc«sfi(si«|*> i + ^ f j£) (0 

tz> 08.2iY U -(U)^ +-0 >H - (H \ fO ' 

-6 I-m&A&j? - -S l -rj k r » r u 

Since QrtOzO WHE« COOPie H AfPUEp. 

FdUA~l p/ss OF HOTion ; fpt/iVMltNCE <?A *PPliFJ> A/«> 
2 t ^ ^ j Fffctisjb roact'* • 

, .... 



Ve "- 

IV 2<*b)*H- ? 

(Ii8«)j >t f« t *) + A< t j * - ^ •mabo'l + 

-I.SHjF *1.8 fit i_ 4. Mj = 

EQuAln/t Tt*e roei=F. or l ) j t k: 

© =■ _ ^/niaboe fA) 

(® M. ^ i b> C» 

@ A, c o ft) 

ftp Ai'-.lie H^Fig'gHT^W 
SL/ttT‘T^nnc, gn/tn da7M (a/ fj): 

56rJ.»= •l-C5Ar4)/'O.4^)0( 

3 ^ ^.-AO.OroW/s* -*4 

(l) l 1 t~i)i'L±'r<h !l P^*o i-'>^ 

^o ^): ^,f-n,)A a « -oft 3 ' 0 '/*’■) 

A 2 ?- ^5.00 A/ 

A =0 

'' a ' f /e /\A a/1 L- ^ 


r _ 


i mb*#Co* pjc 


i m b‘« ,*;*/> wpi 


Zf* Wtt 


«75=0 B = -tf 
~ ~ ) — _ » 


^ - -(■/?. 00 A- 


f r (ISAON)* ^ 


-2fcC A t F2bC,i -#M4 r lF)bVSm / aM«| i i + j’" b ''. 0f<OS ?> 
EQUATrM rue cofrn of l f ^ k •' 

® zb C t = J Fl fc*^ Si'n^ CFS^. ( 3l 

® M t * b*0( ctCp (h) 

® ^=0 C5^ 

^ A^6UCHg Acce-t-egntio^ 

7*om fs. (”*) •' «f = J N t /<* feoff ^ 

^i) //V/T//44 a>A/B>1)C geAcTioU j 
fTUTl E-d (g): 

^ = L'mbof «,i\ficosp - ^m6sin\f>cMl!>(Wi > /*\ba*p 

c l *(H 0 /l6)t*»/ i 

REClUi/fiJG E«.(5), ^ * <3- 

tf-Kr).*- 

C + D.-o, D-—C p_- -(H t /lk)brfk ^ 
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18.74 6 CoMFtnkSul OF PRoB. f-6,73, 

FjM£)-, DYNAMIC RMO|0 «;m 7 A ATrEC 
Poll RC\/OLOTio'J 


5EE Solution OF P«'j6l l>.7j F# R DrRtvMn t on 

o p rus. (5$ *wp( ^ 

rtfo/v ea/V), o< = 52.4B3 n»4&*. 

Pt>«. <>ve rou. f?ev/oLv/7iow, g -X.'V rad 
From -EUf. Os i(>): 

£0*■.=•;?<*8- l (?l.oalnJt/s'){Zir6Ti.fi rat#’ 

A z --2,ron 1 

gel (0*‘ 4, - - £ (2.b^yo.U»Xi9H.-i1^l/^\ar3l'Hfi 

THFi’z 

A = -(Z l fOM)l-( 3 I.HH)$ y p*-£=(X. 30 *)}*( 3 l,irfj ^ 


18.75 (3lv/gN ~ 

--—— 1 IG-Ib ShtfifT OF fm >B.G1 

*1 /$ AT KEi T n/lffN A 

CooPLE M„ (SUPPLIED 

A ! M o TO 17, CftOStiVf AWfWrtl 

Acte:. <K-(2c?r«A/>*Ji- 

9,n 7^ •- (t)KWA«lC IvfACTiowi 

* a 7" -A fiMtVkkltur 
-IT7T? A\ IS AFPLIPP. 

~5ef 5 <?lotiom of pko 6. ia.«7 nc vrK>^‘i»n «f 

H = tt rttCtJl - X^tici'cO k CO 

"® 3 , - 
EQV/&2Z): H r (HV + -Gt* tip =(H\ +0 

5iaA:e £j=or.* W & . IQrta'Xi - i*ta l x k (l) 

m&z «,=<\\i\.zOjsfb a vd'>* z J-(lb/l>)*.zu> 


'V In , 


F00HT/O//S 0P fiSOTtOrt 




}4nck& k 


A ia^k-UtL %j. *-H„i r '|waa L-?*>tfi(Jr (i) 

<4) gj >^ L g M„ 

EVufti E CoTfF. £>Ft /H l?0.(3j‘ 

/a o =$- ma(X= j£- J^ t (oJ5frf(ZO ro44'J= 2. 3 * 15 

r(*,33 lbJt)L ◄ 

(fe) ZfrWft' , licRg actions at g=o 
fftoftTe CotrfF oF% in BU(i): B t = 0 

Fawe corn, or & in 

% /- £*»<*«--> Mws^' 75 ^ 10 ^' 0 '^ 6 * 

TAFpc-FoCF-’ Be -[O.Vte &)j 

ZT = 2(F^: 5 + ?> = 0 A --- ? * (0. ♦* *)j 
7H»S; A = (0.4W, U») j ; k:-(0,%ityj. M 


CQH Pu TATIQU OF AWIftTTS A«o PeuftKT* or INT L~' a 
u TU7AL AASS S «H » <ZWW«M» 

-T T pDftT«- Ml 

. j -.LfeOa.sr7«*, i,. r r=a 

jV;i lKi-r A= _ ■ t * <t'T/ it f* » 

*■ ®*T]1 Rxenixi £AMci: 

ilb + (fn“^’ ,a ’ 

---5^, J » c5 

COHPc^Ti/T- _ . _ , 

^rTf wa > ^i' 0 

ftlJ(iUL*e /(on^u Tur\ - 

H = - l cOL - I <J j i 7 iO»r *1* *J> A 

-g -/*/ *- * L 1 - 

-& Sr ?**W'j + -^ 

RATE op CH-AkOf 

ru.OB.:i') field s / j,(-cc g.= *>!? , 

H ) +£Ok-> N, 

- | .*7*-0C (~j t-k) F if *1 A<0(-£tk) 

=• ^ -HI4*tX^-J *vli3‘ i. 

H = 1 -maVtSi - + <xk) (X) 

FQofWONS OP HOTic/J 


: — iiii 




3<t4,| =£* fto'l -■!} **'-*{ 0) 

fg') f\U&.f<CCELFl!r'TlON 

/TUTOATF c'orFF 0 F |T /* (3)i , . . 

M=i*A A « y-- .I «5?.y3«jfc (4) 

*4 (2,1 16»|) /y 

0(.r ?l.\ rodls ^ 

(BI ZIWAMlC R t F(TTio\s 
flpl/nTc Coe-FF, » F j lk(s); 

2a A -r - JL #7d*« s *- / *V 

4, F-^k 4f*«L = - ^.5© (f) 

Z(0,lb«) 

fCtu/ne rur Tr. «t i in CJ)« 

-ffiRy - ^*ia*'«O v ^r-ki*<0 (^4^ 

SiMctt0 = o, *< A =-(2.5TW)j -41 

^ r * Kfljj.: A+g=0^ £-- -A, 6 --(2.50N )i ^ 


G/V/gAj .~ 

2.»T-/^ cprjf^A/EwT jifouM 

1 IS AT KFST alHCM COUPlt 

M s(0,BN<m)k /SAPPUcB 
— 0 ' - 

1l> IT- 

‘ Ct<) DYWAMif RrP<TioMi 
AT a Af/j P irtMrjiftrK.t' 
AFTTfCoAi: /TMPF.ifO 
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18.77 ipfe*: 

* IX (l AvD COVi/lTi OF 

V" &’ * SEHlQgCUM flflViC. 

'T'!£ K g ln Asftfiity is j“Th«t 

4|n *Tt=0 COUPle 

/U| o (5 APPLIED Poc 

^5^®'j»J FWlL Pt’/Pt -»TnW 

SJp o GMtcH LAUi 2 s. 

^ P< N P : ^WECo/ftrAi 

? ^bj-ws Dwami( kZflniyl. 

FT A P«J-.£ A7 t =•<? 

M-S' 0F AS5EWLV sM. r JfJTfi,' °' 37Z67 /fc " 5 * // *“ 
AJWJ 5/ SfMlClKCOLDf. PtrtTTi = fc - £'»• '/# 

t Tl/V 


gn/gKi; 


WX7-4 Assembly or ?&oe. i&.6s ts m *es-r 

hi'ht-m 4 cookie (5 trriizD r o a*l 
fiN tt/eui** HC(ZLZC.ftT,0H Us(l90ro 
F'inq: (a) the cooPtf H 
(6) We py«/«pi<c zeAci'orJi /i? a awjb 
(tFre< w /s ftpPuFo. 


KKMIrP'<* 7E*Y 


Hon&rn a 


r& A-suznBLYi 

Pot* £*<m '/re.ntf.L plate i 1. 


Foft t-ACf H-t>ai zuk>t'*<- plate 


Since i>*o( 


roe iss-enecr: I 


UNIONS OF HOT'OfJ 


Fll'- "LPC. 'ir'nm\ji \ 


+ B-A fj_ 

(• 0. / £ i 

*)-t taixu'vfii +frt + jj £' 

)i± f M(!c-i) 

4 -L t»i. J (<X*(yJ* (2) 


O.0f37?(<X^)k 


(7 ft-)!- ^(Bj | + ^t)f M, l - a l87SjtE^U o. * 

0.01175 (‘V$)k 

-)$£-&% t +^L*0.«>7^j)£+d.U&fy^tfh7Sfy)k 


\i 


Etjufne C0TFT. 0Fi in Si i (%)■■ 

fiprt-Wsty) ‘(O.lSlS/b-H 1 ) 


iZ.2 tt/i’ 

F\ 0 -(0.8 73 fr.fr) 


{P DYrJAf lit k ?* Qici-tS AT P-t3 . 
‘EQofiTT cotTF. 6* k in) e-it O) 
(W)^(\mn i<xfr)?(ao}S75 fl.ft'J - 

j 

E-UVfar. COEFF, fFj tf J 

~(?H) B t = o, i'tj(*%)?(o,M7 it»H 


ISO rad A ’ 
Ji.2 m> 


TAW 


i - - (O.ZIBfyj + (a2£2 H)k 


TM-I7S,: 


464 1 







18.79 continued 


18.78 GtVEM ' A&stweiv or p«oe. iv .77 

FIND: VYKAMlt REACTIONS AT A ARC. b 
SZE SoLuTorS »T f**o. 18,77 Pu«aePiv*Ti on of 
f*.S f k - tTjWtWi +l*tXa-J)j* 

WftrtE «i rO. 37267 Ib.s’/ff AND t^—Pt 

SINCE ASiEHilY R.OTA iZi THROUtH A=XfTntA i» &*! 

0 j (Vt X , a-Zfi/t 1 - = = TT raS/S 

AT t- l s: eO r arf ■“ (V'rai/i^L») = *77 r«//s 
FOvAVNC The carFF. OF £ AND A /V JEV(i)ANt 
SOESTrnJl tNC- THE AtOYE tf*uje\S * 

@-5-i ff,..- « Cffr-tv*) « Mfc 

£ # -- - fc(o. y?M)(%X'-‘*n) ^ 4 0.383 ib 
®Si B, * §£«,*(*+**') % - i «« t P ^A) 

& 3 -±(0.i 1Z17)($)(HN*)=- O.Hbl U> 

Tttr.: £-(0.11776) i.+(0.183 lb)k 

x{gL: ^8: ( ) 


fb) r^^r-vj-ntcL j>&M/r C7 £'inSv?«s' ^oiwtw*-) 

|3 wir TWt 6F*Me jxs’rciio*/ 

j o f /ioTi»Y F«r *a* /i< iF/fltna 

L - RBFERRirA To T«rWHrmChL 

\M ^Ti EooNb IN PlMJT a ! 

/#=*>* ■>> «vm7v 

2 « 0.21031 

A tJPULft H MuHTn n>Ai At)ooTG\ 

£0 ( 18 . 22 ), H & 

h & ‘ ^0) -(o.lHjl ty.rtyo.n.Srt4Xm.7ir*A/t )l 

U ~(I 0.*7 A i*>)i 

The coop ie CYti,TTj> tzl rue riywHZiL / 7nFcEFrHE, 

MOST _£c A4 “ tfr, ~ ({0-f7i/-l*)l , Af/ * ™* couple 

exzmzs> ey r**t fiy«jhvel h m- -(io.m f.n)1 

_ ; ~ 10,17 ht.m 

18.80 I Given : 

FTSUti-Q LrtOTD (Old.ft.AtJS P*<yot.LTK 
WiTtJ oti- liok£ AND £ e- &t>0 moi /ToTATEi ft T IMOjntl 
Ai fZftt\NE /s trmccins us circular oath th 
(^-OOOAI AT V-- <TSO Km/h. 

Finjjd ; 

MAOivnuDc of caueLtr cx.ck.ted e>r p*o( 3 ru,EC 

ns sNt\fT. 


18.80 


18.79 ewer*: 

PltkIHEEL Rl(,ipr_s ftTTrCHTji TO C£ 0 *jr.'jl<)ri 
OF FiUrOMOgd? ENC-inC It iQOt'JAltfJl TO At'C-ir,nl'DiPM J 
17-nftiU-T* ICK STzti. P‘,i.s (pcNSiTr * ?BbO k.%/ni } ). 
hVTUfU>Q>L£ TOiyYPti ON ONftwtz C-'K-'f OF ZOO-«T 
RttplOS at 0Okm/h W <TH pLyu/ncPt *. 0 TrtT»J 6 *)7 2700rpm. 
fiNj>: ' 

MASNnuDC OFcOuFlZ ExERlro BrFLYiOiTm ■*/ ritfiSKCnun 

frSSOUlNfr ALITOMOtS’Lr TO NAVE 

(Cl) FTfti -u/HT=L DRriT V/‘Tu i.i It iur flC«ATTD tt/Th'U VUlUf 
(b) I'Mi'NTWATrLDF 1 ST *'•->.. i> i klAfrt/ri 


(COMKMUET)) 


® ^ Aiiu nc 5E»'i<3 SftsM kj 

Tf 

5>+0 Km/h - ISO r*/s 

00 -- I bOO rp m (ULZl) 

\ io =&)i * ' 6 ot * 

) -^C-t <i- ^ tbn.SE r^ji 

s > ‘i'i'Tg***’* 

1 = -wf'*■- ('/W)^)^«n/- /02.M ^.«m’ 

A-A/C- MP'-'rr' Tun * Bo■-> T ^ 5 .' 

t} & = - l^ d k - - (low V VX«7ST ntd/f^O.Js ro^sjl c 

The couPlp Eyct'Ttlf t«e PBoP^LueA / tucrtfoc^ 

PiusT Se A\ -i^=-(Y./H kM'p\)/c, WTt<e <Tb-PLr 

£xe%-\ZD gy Th-Z PfioPcilZi. ftJ ITS SHAFT ts 

- M = (W kpj m )k . 


A»/Wct\ /i.tf kiJ n 


(it.) R. ZAR-inHETi. D(V,V E (LofJa iToj) inAc iHoiia/7/f/O 

y /b5ur(riPVSfS f^o-Yw 

12- tO X. IS i , ■& : ?c *'</h - ' 2 T ft/t 

- '3 3-I tO:2700rpn. niU 

y&s-Jv *is ^rh 2 ^-- Aits <*»!> 

* - 

AM&ULAR '(OHEKlTyJfl At 007 &: 

f *• (, 8 5 ^ ; it r (tQcV - y T; = 0 + ^P 

4 (0. luuty.rfm.,* ratyfa a J 

T - (/0,Wtf.^ 

- » 

we Coo ple £/p».ieo wf rpf fl'twretl tpePct*htj 
/HusT £C M = W fr = - (/0, It7 A/, m) £ /WD 7«c caupec 
BAER-no £1 T*F FLYWHEEL H “Mr w-mjA. 

Mswek-. 10.17 H-m ^ 
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18.81 


for blase anj> Hero* 

OF HOrpR OF POlWiT 

V/^Z.Slbj £; 1-5 in. 

BlAde rota-tests 

5m W *7 Ra rF' 

£°, = /soo rpT 


FIND' . CO'jPte M THAT U/CKKER MUST E/ERl 0« 
HftfVitr To tfoTrtTTTAv/ «UTWCCWSTAU7 -(2, *t roi^, 


ft^ES (_eNTC«e5 AT I'W'sb Ccsll-es. <5- of 
Blade an* Rot 0 r /hyp RoTH-rirtt w/ir* c.as,iW fri 

#' I t a). - /ovi roIW - 6~0y rti/t 


18.83 g*^: 

- ftO TDMOB'Le TRAILS AROUMP UNePN«*p ClU'CE 

W'-r** ^ = 170 irt AT 5-feejj V a e \ ? R m /„ ( 

FUK. g-ach WV4-E«L; <1*1= 2Z > TJiAK < r575fi>» j f=l25<n« 
TRAWSVeH'E DISTANCE BCTWE-E.V WHrfeLi = I.J *n. 

FlN^.* AOcniO*)*-1. REACTION AE ETSCfvTCD BY ffEOvlwp 

ON EACH OC/TS ' D ^ WHRl Duf TO MPTIuM OF CAP. 


J) rftg fACH OMfEL .' 

olj <iF = <JFK"'/n * *6.587 i»A 

*>-x ccl - jl = 2 i75ij 

/z- -v\ i ip 150 ni 


__ v-,_ Zfe.Jig? >"/s 






«J| x /5"06 r ? w (^2of^) = rt *^‘ 

11= ^ Z lOj, - -i.tf rc<l£ 

wf'Wrf 

i‘ = I.ZliDUO^It’ff-r 

A V(cULi\£ MOUTuTJn /\ to'JT 6- 1 


H = 7 u>. i + 2 oj ic 
~(r 7* ^ T a, *- 

JW.fflH)' 

M li cW/-’ ,( 4* 0+ Y* * *> 

~ -? 4 , ^ ^ ± = (M'S I Rio'/bft^X-i, <t«*t/s)(56->rr*i£ i 
ft = -(0.V77 /i-^i 

~d 

THE coopt.e t**H 7 ta e ivt>«tcn must ai’pcv' i£ 


j/ V_y * 1 r«i^(12l}Kft225j»)* 1.1 

A«/6Ud7l« MbHPU ryi^\ of fUCH WtFFL'. 

-< = - 

£12,09.22): /U(Hj +£*H,=°+^ 

P = ? «AO # l=(* r/3t^ 7573 ^ 4 /^-jl.7S?n4)^-(/7. 

^ <3 ~ 

5flU87)OL7S QFHu Tlu M F xt\ Tvjo vjH tZL i QM 5 A AIT A/Lg : 

I* ^ ’ 13 


°^/£f 


-(17.136 * J 4 t 


L^ J “ ,75ih * v -' '-(r7.i86F/T*iH 

(r t 6^)3 *3.750' 

TM q = * -MIX*™*)i = - i ( nm 


18.82 


A( --(015 7 I0‘ft)j ^ 


FoR B LA pr A Nr, C 0 T(vr v OF 
MoYvR oAoiCILt/tr/NiC FAiV*. 

, We <5 o?, R » 3 in. 

^ BFARiH 6 JuPPOKTS AT A AMD 
e rti.c S’iii. apart. 

Burs ^'JlliYrcA t rat* 

~~ j cO,- 18SO rpi" . 

F)MX> - 

PYnAMIC RCncTioNS «T A 
ftiYD £ W/H=N AfOTOA CASlNfr 

Hus AN6.VEL. fP 2 :(0,6i7>4/s)j.. 


AR=Zi“i8 f/ 




AMjUL*<Z MCACWTv/iH A 60-JT MA-iS C£iYTE«.’ 

y & r 4«li = 4*>, i +1^ *4^ 

. = &US-* -6 = ° + V X 

E* G - -1^.^ t - - (%»J i 

- - (o, /OR lb Ik- fl-)h ' net a, on! at a awc 3 

•a 16 ,J j4 FORtl A COUPLE e&ulvMLENT 




■6 T-Ort, 


"T A ( 5 / |? ■< t)- 0. /0176 Ifc. fF 
» A.r 0.-2iiR3 !k>z H-.H oi 

Ar(4.2\oa)y 5 B z-[ii,2loi)£ ◄ 


18.84 


rrPE fiF AIRCRAFT TURI^ injiieAtor, 
on iFpw-i ai = 2 oc§ ) i= r o i»n 

'’5P|N6 at Ratc OF loooorpm. 
EACH SPR.IM6 HAS 500-N/w C0*/STA«7. 
5PRllV&j F^fRT CCivML FORCED oH 
Yoke as *h oiwk,^ niw«T patk. 
FinI> : 

tVN&Le a F Rotation of yoke iw rtair/z- 
OWTAL TURN OF 750-lA Rasu/j TO THE Ri6fl7 WITH C-0OO<m/h. 
DOES A MoOe UP OR Dou/aI? 


^ 00^= (OOOOrprn * / 0*7.1 radU 

/7~\ r 600 fen/6 s 322,2 Vl 

£a.(/aZ2):4^+^H=0^^(^f^>) 

r- i(3.2 kjXQ,M^(lOW"*)/>)(-OWtifik 

= + (O.OH^6Y5 ^• ih )^ 

. V WE HAVE 

A 4 (O.I*l)F=-tt •» O.OWb'tS tl 'A 

wftip: S F-oW^ 

If Frki! X-- Mlfcaiy- mo 

•^- fi ag3p™Si n u a i I «r^ 

SINCE 5rt?W6A/'8 Plrus iowiN, A 6 M 0 V/N 6 yP ^ 
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glVFM'- 

SCMIORCUca-R PLATE WITH 
t - IZO oim IS HiN&iP T 0 

CLEVIS WHICH RoTATtt WITH 

CONSTW r 00. 

M I 8. 6f» 


we use rue Axes c*'g‘* t*owa/ 

. l> ufNarerHnri amp t, 

«a- /$ *•’ * 

5 i'y arc H-MF THose Fes' 

I /L A CIRCULAR FLATCj A-NJ so 

is FHF MASS 'HI , TWVi 

BECRl/sF SYMMETRY 
A LL Pnoou C « OF 
** H<F eoioAt to r5RO ! 

A^/faVLAfl HoMfuTOH A60l)T C 

r ^ »l 4. Y~<0 sMy») i ’ * ^ <«l i. (SO C°S/\) J 
=■ ■jjVt''* (-Sin/i iV* LOSfij') 

SiNce C IS ATf/tt mn7 / wech wuie <zu.( le.Zlf)'. 

or,Since £ - ~ '± Stn fi + jl cos /4 ; 

£Ai = eo(-l'ti»f>+j'cot/*)XT f *'lv{-*ii'Pj ) *' Zt */ > i') 

C ^l^t 7 cO l (-ZS in/s CCSfSIr 4 CoS/Ssmfl *) 

-L^t^sin/sccs/i h (') 

Bvt IM c --- +!}.*• CrtpH 
<$& , - on* ii a>Y fc (2.) 

£qo*7ii'Jo (i) *nd(*) : 

± + f 0 ? s ,»p<os(S st^coif 

- !0 ' 3 ‘ v, p= /3 * 7 «‘"< 3 > 

pPcoei-eM ie.gf 

(4) err a=I sraels in( 3): si'n/s -jyjr - o.t>mi 

fi r 36./* ^ 

(b)L?T (S-lcT tu(l); ti>'-IS8.78s~* oO=H.ldr*4/ h 
pr<Qg(-gM ttm 
L.tT(S*S0° IN 


*>*«• Jl&I&i = 181,17 s‘ 
sin SO’ 


0 = IS.Hbf^i, 


18.87 and 18.88 


_ V ^1__ 

MqFIENI^ F^oouf'is of HOTS 


CWtN: 

J Son BE«r to 6-ln. 
<r«PARE FRJHt WHICH U 
ATTfltM-j) Bvcoufl*' «, < 
TO SHAFT R<)TflTi<» VI'F 
LowtTSWT oO . 

PROfcLTM IB. 67 l 

FinjP -' , 

(a) p> WHIW cO - 9 4 r«-V*, 
\ ' (b) largest CO For which 
fl= 10 ’ 

PRogLEN 18 .B S ■ 

' 3i “ Fi nc_D tu fok MUCtifisW, 


C'MAli OF rc AMfr«t) 


|i ' ( We USE T«l fl>ES Ax’jj ’4 

aj. 1 p v/ ^ shown 

- 1 / P *>* »•* , w . , , 

\ ™ EF: t=5^‘ 

5^/'\ 

* \\ / r\ Vs* 55 ® r: 

\\ \ VtGhi"*' 

FbR EVTiRe FRahc ; 

fecA.r.E or aw*er*p; 

AS/feULA« MQHCNTQH Ari<>77 A 

-rk^vi ' 4 J 3 »*fl)j 

Since a is poed/ vve jse Eo.(/y,ie.).* 

pR, Suit F ^ - -J/s<'i\jl4 j'mp '• 

^ M a = CJ (-['!>>,/-. )* jf *1 att(-Z*i n p^ 0 ‘oifj,') 

- —tpa l icO l (~7Sii'^4«oSfl If + ?ce$/Ssiiyl If") 

A l? 5"5 \a- '£«\<icS~sln fba>sp k (I) 

a <W BUT TN a ,J^(f)M/t CO 

2 EQOflT,Ui(l) AN6C2): 

T ^ X •#! a*/o*.s in^co'./S X - ^ *»1 4 & Co}I* 

cOV,n /i =r|g. s |J|£|g; cosh^7718 S l ( 3 ) 

PRoSlFh ;g.fl7 

CctJ L57 cO= 9,0^ ««Ci): s.nyl = = ^-Sov se 

^ err p>^io i* a)-. 

co't 77.2tf / cO «■ 5.7f -4$| 

Pkobuta ie,5y 
/.fr /St Vg* If! eu (!) : 


FIN'D I 

(0.) fi iVHETi cO= /S-ra^/c, 
Cb) LARSCS T cJ FSR WHICH 
PLATE REMfllH S VFIf-ncALC/i-SO^ 
PgQBLEH 18-86 • 

FiMI> CO FoC’WHICH fi = 5T>’ 


_ 7 ^Tg.c' < -. /03 ^ <'* 10,20 n>% 

S'lViT 
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18.89 and 18.90 GIVE*: 

~“ AFO-J SEAR A CSWSTRAir/ED 

£ l^*' To fl &Li. Fiysp ffCAS ,g ( 

\/\ ® '-IT P*>F5 to Hot A TF A Boor AT). 

d 1L \ A/i.f AJ) COH/«/EtrE£> BV O.FVLS 

I \ \ TO SHAFT 3>t w/i+'CH Rotates 

i \V \ WtTH constant cJ { , 

\\ \ (GT AR A CAN 6€ CONSIDERED 

i iViA * s Tff,N 

/ .lUff'* *$M & y rlHV LflfteTiT AMWA&LF tS, 

r-aonim |p (JPAk A IS nW] TD LOT™ 
contact with <jfa-R B. 

PROBLEM /g.7 Q ; 

Rr/X. FORCE F FxeRTep fey <jeAR B ONGZ A«A ii/HeN 
OJ ( = y roA/i. (f IS J. CP.) 

MtC'^Mj/^ocnr a 


18.91 | 

Giv/erJ; 

f-OD A6 ftTTftCHCD 8V 

|| 

CLEVIS TO ARM BCP WH«<-H 


Rotates n*/ith constawt to. 


Find-. 

I”''L 1 li' - ’‘TiT 1 ■ 

RAfiwnUDS Of cO 


Ur l= 15 in. r J.2S- ye 
TH*n: Bc= yin,- *-/3 


^l»UT Hnne».TOM ABOUT ? CO- <Ds,„ 3lti + <6 Caiio’J, 

* VtsL^ x ' fi= 4J W = 0+ i‘ ML,<0 < * s5 °^ 

v ’"^ H fr -Ot cO* H 0 = (rtHnSo'J+iCvi&jy LnLaa»r% 

if G = -jL’mLVsinio' Cos 3(5 jc 
JftTiONS OF motion ^ 

i 1/3 1 = Kites* 


ti *W IL/e use TWe AXES 6^tt jHrW*/ A«-D 

V] ~l^' X S*r*K?Sf THAT IT = 0? 

/3 ^ (F/xfp) V = ga A 5c = 0 

\ \ % \A»*eAc 

\e?i CO r (cO, eol+ tS t )^T0, S<Y>A i (l) 

\ ^ = -( L i +t i) 

>c'^’ rrfl, ' 5: 

X/ = - [C^, Cos^+^)^r ^>, si'n/sjTJ x.((.j.+ii) = t> 

(c^coifi+tP^i. k- (iP,sir>/i)ik = O 
T/teS: cOjCos/i+cS* ■=■ (cd,ii«p)(U/i.) 

svesriwe intui): oo - oi,s;*/i(i + (d 

/V'SL’LhM *| 0MIrV7U<H AB ooi I> 

^J) ~ ^ ^ r i.'iys i + i. ginflj 

Since D lb a Fives PoinT7,iMF Use trs>, (lff.2B): 

? * -i>' 0 + H + 4 « s /cf ) x 

i (A, 1 3in (b[$rlLs'«n(>-(L‘ +%)(* S/Jj i- (v) 

FHob. ib.bI' v/nty Ftwte e/eniED ersem? B ow 

£ Sr ah A (SCCOHti ZETiOI 

K Z Mjj r - 11^ L Sim p fc (s) 

SQUATlVSf*) A»/t>(y)l 

V| , ‘ -Ilf Oi’s.l) ji t itItifi -(-■( i 1 ’ MS/i] = - »y A Slip 

itjin*. Vl?H L: O.'f'n, t-o.og„ ^’SO', 

0. /3;1S «,*= 3.52 V to,: 5, Vf r<rrf^ ^ 

?R0B. / 8. MO. w<ytF/vf . F/'t/TCrf f VP+i’Js 

f\ T^US, Z'v. Cs) A gen /F AU/$T 3e rtftAcrPBy 

> \-^> FliMTIHfi (i) fi^b (6) : 
r* 'ilmj ■*rt’sifi/i [j- tLiPiji-(Cl y ) 

■* - 

HIiTH CrO,in,tr O DAiH,^ -)!>“£- fB/^% Ms4,<151%, cO- Hni/s,: 

0,1 Sofa'll O^-O.URJ) = Fraf-(^.8lXftA)*W 
0,^12F= 1,8651- k0029=o,Bbll- f: 2,11 H 

tfcngz^=0 > l J X": 11,31* (5-K=IB,r fr2,IIN^/R7*^ 


1 j S'li 36 


A V*~* 

^ z v ZKU- ««# ^ +5 :‘"*0. 

^ -m^C eos30^ J^mL'afsInio'cviS -c h ^ co&3£)*+ fx 31 ” 

j-i toi3o‘-= Sr> 5o“co.‘-3o’ +■ g- si»J0_)<S 

J 2 & 2 M’c<£, 2 a=t>. 2 W 67 t?', 

cO^l.OO radfc ^ 


l US Hr 


18.92 


Ucb. 

GlVt*l: 


ROD Prl IS ATT^CHCD 5 ,-f A CLEVIS 


TO ARM bcp wmcH rotates 

. 5 In 11 

Wit« constant cO. 

. 1 - ]]--. 

p iNi>: 

30* 

' M^GNiTUDe oF£? 


LET Lt 12 in, •= |,Z5^ 


TtfENS BC “? in. t L/3 


\nl 6 vLto 

es 


dmtmtur about g; 


:UUM TiUriS OF HpTto 


+cOtos3o*j. 

B & - i + -J^ j r 0+ ,Y^ n 3°*/ 

EG.(I8.22):Q =( 4 - '* 

H ?(-cdsi<)S0]i+vCesidj) xi.wii- l cJ ooio^ 
A” - 72 «£ V 5/0 30*cos iO 1 ^ 


- pnlh 5 THa-yjisO 

;%•■ * '•aAgfc. ^ 

9lM B ='Z<M E X rt :mij}(Lcos«J)-H & +(*ia-)(^ s^iff) 

LenSltJ 1 * 7j «L* <s‘ l S.nitf , ai i Kj+6n(|-CoS30-j^(j S '"'3tf) 
2^C«.JO*o-(-jiir>3o'cosJif - ^ Sirib0’)t3 l 

7 ll $£{f <M>io’: O.OfcfOOW a>* <^‘= 

u>=- /3.J2 ra^ ^ 
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18.93 and 18.94 Girt HI 

■—-- port EACH I»ISK. 

/73p\ -^L. « - /TOO rpa 

. . PRofl 18.13: 

for fJ 2 = HS r p" 

I ^*^**^w£**) DY* 4 * 1 H<C RCHCTW/W4 

Ll” / rt r c * **& i F 

■ Oft-lVy * (a) Som disks «otatt 
rtSJH 0«/A/ 

PraaooL ffcj JXRK.7I0IV OP SPIN 

OF 0 15 REVERSED 

a PPOb. )8,<?»■ ' 

] r »' t - find may Au.ou)»e.“- eJ t 

Cj /? D'fi'/HV i*. *>;.w tiuv: 

AT C rt ,vt i> «r /WT TO 

EXCEED 250 N EPCH- 


/■iomswt-ai ;p r*'- i/Sk Ageur /Ti Arf55 rrxrTp 


/^p> f 6 r ^£ f Vc'i' - 7^ 


18.95 and 18.96 


(YGrVJrCtJjC H ft s + <l) 

# vy 

H & r(H 6 i +^LxH c = 0 

(z) 


£QW\UuNi OF HuliQH 

/fT\ n 


^ GG 1 


G/Vf**/ 70-o z Disk spins AT <?*nc j,.- 750 

PgflElEM ie. <15/ 

FOP c0 2 - 6~«yi/s r/^D tne Dynamic 
AT 4 AM.D £>. 

PrtogLC/M 

f/NP MAX. Al.LDWA.BLP o^ / F DYNPitolC RrAOTIOMS AT 
A ANP 5 ARff VOT To ?xcE"EJ> 0,Z5 lb £*<:*, 


l\lJ&l>Lr\C Mpf-te-V Tvs, /■■ f^o-jT C 

4=1*,*Y*4 i - **>,*) fJ) 

a‘ /— 7 ' * eo.(IBM): 

H ~(^ c ) CJt ,+-Q-*4« 0+<^> z fX^ -**»£) 


>l\~nt>rli OF HoT ioN 


P _| j 1,1 5(fVCf AND 'ing g :hiTcTL 

~'&p* <wr, fprECTivc *' <res rtrooce 

TO oooptE ZH z -rtt sA*), jc 
/t FDUomlS 7H*7 ?ne reactions fora\ & an pcn/wAie^ T 
COOPU* WiTrt , . . ,.s 

- 0 - £> =• (^itWi^/W wi) t (3> 

18,43 

39 W/TW *1 :.r ^ , fc r 0. l'to J u) l -=/5C0rptl-fDii rails , tWJ> 
■Jjzns rp<*- 1.51* rails, EO.(3'l YIELDS 
C - D T(5ij)(O.I>ny(FO nraJ^IS* o^j/o.3")) r /?3,37 A/ 

C = -(I?1.^W)L; p*(IZh,kH)i <8| 

fi?) iV/th n/Rtc-rio*/ op 5pify oP ^ ??vfr<,cD, /t/ 
AiVs-OI-AR f/OM5N1UM My/vt A'-So fl? PE^«k’SPI> Am£> 
7ue eppcrrivt fta«i {>vd,thi»s ( rwr aP it/e& 


. 4“ W <4 t ^ 


; BL = 1 A=Jr ( 3 ) 


p rt06i-CH 18, 


Lett INC -m-g JJMML = O.OHy/ 4-sV^i ^rfr./rl/- 

a 3^-4 r%»> ^ *3 


67, = 7s0 cp>h -X 15 TT n i/S, a t 7 6 roj/s tri £"0 O ),* 


A = £■- 


'zO,l<\U>lt> 


fbRCEi) APCuCs ro zeR0 ; 


no&LgM 18 , IV 

TTkJUS- ( 7 - D * ZSO N IN so. ( 3 ) Y/FLD4 

/ ^^<0,(0 Z ~ ISON 
0.5 m 

U>^Tp h = 0,1 to, IS00rp»i = 50 V r*J/s 

V7F Hrt VE^ . . 

- (^7QP/y0'3 w) _ 51 ,<J 3 rArt/t 

(5*|)(£>,/w;Y5o7r^l/ 5 ) 

6^ - 4/, 2 rp« 


A =(0,1 <i06 lb) k $ Jl t-( 0.1*11)6 /bjk ^ 

PRoft^eM 

Lrmno- A- 5 = 0,25/b,^^ 0,01^1 lb^/fl’ l txj-fFLTLit 

pnc, iO ( - 750 rp,v -ziTir rrx</i in tv. (3) Am $ 0 lji>> 6- 

Fok c^t 

*. s *rM*”*\ _ 1Bn , k 

W^-7,S7 ^ 
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18.97 


GIVEN '. 

ViSK oF rsEK-H 7 

VV^RIb Ko 7-!T5< or 
Constant ^=. 12 m 4 /<. 
AffM Of- Rotattj H 7 
C0N57MM G> l : HrnA/t. 
Find : 

FchCE' co-.-.s 
|5 5 / 5 , 

)■* 10 m, D/A/riNlC RfHniOW 

LI HT SVPP6K7 0 . 



VliK OP 'flElbt+T 

\*J~6tb «»nurs ht 

CO<s'57A'/7 i*'|-/fc«//x 
AfiM A6: IS MCLfeeu 
TO ^>HAF7 w/ticw 
Rowe Arrot/vw" 

-j u)jj s £ 1 ii/rt 


PNIK DVftMMlc RCACJioMS At j> Af/Ji ^ . 


!>*. VVirW 

FU,(/8.2’)s 

H-(h) +RV 0t ^ixi 

-A U »^ V , A - A 

-* = * ) 4*T* ,i '(G>,j + 2 <•>, rj 

H t-L tvi. u tG,u> z i (V 

A * 


EyOfihcMZ or Mono* 

7 # i 





AUlfULFb. Hcn~ u~-:n nf^j, 4- 

Vi *'W*vs‘. 

_* + i-WktO, j 

8.= (f) 

• , x ’ .en OB.m 

t!x^( H n) . + 4?->ti :6 + o>V aH. 

= «a 2 i ^ ^w *Yo,i 4 ? o,j ) 

b„ * k (z) 

tl FPcTJc F oKd IDO 

~ **-t Nc *: 

r -(*>) - & *)4‘ 

^Ayfr/ Ti— fc r Tt'7 5 - *1A tf(~f ■* *) ( 3 ) 

fa/f* Et)uA-i< 0 *<, or m ft 7/f 1 j 

c aV* "< ftPe .tz 0 rf<C'« *c; 

ffiii/n/ft if#7 to ifrrffTivi* FoK ,f « 


01 


zA-*0Uh ; 

^ " H ft 4 ( L Jr ‘ *j /) * (~*' L,) *i ) 

- ^ p ~ 4*i hi-tO t k (x) 

UATH &I/CIV PA7A: 

*-|jf r jflis. rA --f^ 

&>,= n ndli, 1^1 - ff r»A/i ,i- jf ^ 

Fo.(3j: R = 

= -(r,3DOti)i 

tO.(l')'. M*=x ^ (OJVBHS/L'J/tfy^ &)*(llroi/ { yifn^)t - 
0 ^(o.ji 9 K-A,iyf^hX} ftfiftf/k' 

= (l.o3S2 lb-it)l -(H.tfil lb-n)k 

Fokce-coupt.e at o : 

R-=-(5-,30lk)i 5 ^V(i.o3r/f.f7;i-(i,V2/t-^^ 



L-z(t 


,i 

;- t 7 


/e <- • , 

TM D * ^ M 0 'v a : L !*( E ji * r .^) 

PflHUWA £US.(Z) 

LbfcH F^)r 

i.E j =1 - j«iblhk 3- 

*=tkVift'IIN& Cc.TTF.fiF DN»T i/FC7t)(?j .’ 

L ) u) i^~ b ^2] Efjrftb*? 0*> 

V//7H g//fl ft/.rA ; 'Wir^ ?T/S ,= 0./8fc3‘7/k!'/ft > l--|-'fi 
iL rZ ft, i- O.lSlt. lb, =■ /6r^/i, 6 ' 

£„=r-l,9ZZ lb, E=‘iMnib 

J £=-(l.822&)j.4(*.*7/6)k ^ 

RfrCrttMNfi. • C-" / £ ,J 

5-- *7? - f: >H\bOl(-^ *■*)-{ - 

» ro,«i3v)(^75^»5*(v*-!r) HI-Mi Wj **•)!? 

=r(l.Wl-P.'t w ^)} +(8. < IvH* ^W»2)Ar 

3---('7,;2lb^ + ^. Ii7 /b)^ 
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18.99 and 18.100 

- M)v/ceTis«M 4 pawbl 


* i * 48 ke, 2 a*-ZAm^b^Um. 
Motor <at p, keeps pavfl. 
ROTAT IN6- MOOT M *7 


18.101 and 18.102 I pgoeifr' 'em or 

--- s iv>ECL.‘ 


\y^k CoU S 1 AWT RAie tfj, . 


3-k.y 3>I5K *,P<M5 AT 
CcrJiTAUT 1 0 ( s 60 r«<)/^'.> 
A«M A0 A»VP 5M*»TT 
at ffrsr wttefY 

*j m «%(*«*« is- 

oo mm 

f lMt> ' 

^ D^WAMIC. Rt^CTidMS 

1 IVT C AMX> p rt-PTrv 


\ jJrS&'k motor at C *teft frame kaLT 

^ ' jfl V RyTflTiMC- ATCo/VSTAk/TC^ . 1 1 ^ 

Famei c-oMPcnrs rm. 

<P, REVo-.UTlOM (W tf.S. 

^N^TtoFm^ WAMfcoMPietes Fun 

: REVOLUTION |tf 125, *T ^ mk.'O' /s R-EMyvt35, 

pgfiftlEM |fl,79 ; problem IB. 107 

exprcss- !>r<tf.'Mc peacticW gA/ey: 5-Kl & *s< s pins at Comstar t ? £o rnA/» ■ 

^flj *rp*5FJWCTli)N crj, ARM Pr& AMJJ 5 HAF7 AR? AT REST n/HSiV MlI AS Ml'fl I'M* 

pRjfllgM 18. 100! FpR 5 5, k/'frt AA/tf. VELOCrtT oPSHMTtthttilHC* IQ rtA/i, 

Cppw that ftp DYtfAMlC REACTION A TJ>~ IjT INPC p E VDTnT ~pi fsi £> ! ^ M Q . ( b) DNN AM <C CTlI?^*. AT C AtVJ T> 

OP L£tf ST H H, Ane« M II RenovfO- 

(b) at *«v iiostmt M ( /M t = cO f /z«o (> voa epe m, ars M z -—- — — -- 

MR? ta* MA''/-7uiit' of Trff conPL'i rxCRtro c>f the 14 |3 i R MCHC 1 * 7 'o<M A 8i)PT .- ft , 

Mf-in/s at a amd c, t' pe«T/v-ctr. 




j k 2' CPS6.1 4 S-V'Oj 

AN ^lT 2* c ~^* n 8j T-lon«^ 

foe-STnu-re- (N (|^ v 

5 /'i * (coi fit +$"># jj)+ 


USiNfr <*X€i Cx’x’i iV-TH *\ H---r‘’ w £Y <:,) 2i + 2& \£) ^ 

a'fEWXHWlAUfAKftl ,0k ~\ • 

= A) x 5,0 ^ ^ «S», J^ = a3, E Q,08.Z2)\ * -A 

i^ r SlMCE DftkffHJ A^A^.rtCCC'.. CV >a/e MAPp 

4 j-ma'c^coSO^ 4. 5--1 ; ( _ 0 H _^.4wi t -ar I i + <o z j. ) <^o«4 , ( , i0 1 ^ 42*4^3 

0 «i 6)NAi P«AA t ^2, W e rvore; ' ^ i ^^,0, i t ±«,* V.j- 


"TO R6P<r*7 TO 7H-r P«l6,NAi F«A«e <9*>1? we WoTe; 
|J TMA 7 


OT ftuTtoH 




Mg--j-Aw^Vi/J^s/'^Ccw.#]+$•»’«jj+ \\— . , 

+ 4-C«e^) + ^-»«b''o3, k t ,|b V A~J~k b f rr> ' LC ^' ^ h _ ,,. 

Ey 08,22'). fry ^ 6 ) c 4 ^ *“6 " ^} r -6 ^ from SYMMETRY anO |NCrt.critW .'f cfFf<-r,Pf M>R<P*. WC 

fllp t, r ,_ A 0 » r*Wi> T^<1TTrtF CwH<*0VF^7i fcF ThF^F^CIiO^S n T C *** 1 3 

[H riu il rCRI^ /S o^'i Hj''#F I> i^rFrPI^^TfflT* A-Rf r^L»Al W AtiO DlddCTiTt) ** 5H0W/N. 

IViTHRTirPd I t^Assoming, FEoMe G*yi Toft Torjj, 2"/^ = ; M 0 - ^ontV, 4 -)= 4 »(^t*+x*)U t 

'-6^? •'j*' +xb‘’*},s;»6coie6 J fJ M--^^)[^(AW'n) t v(o.i«)^or f /\- 0 . 0^27 <x t _ (3) 

085'Efcvik/^ W<17 ^ =<P, AMT- S06'7/TVT, ,-,A «;t,> (i); 2Kr*>**'=(* «-0'5^ C*) 

H ? - -S,<v'o)j+E SirVcobt'^ji T M jt - ^_(M,VvT Zi^=y T 1 b' W, <O t 

c0j i ^ i -*nt*(w t s,v> 0 6«0£ 4 M, k ) - (wtyA6)*J,o5 z rMkty, £^-2.(6^ (5) 


7< i-mbYw^a,'" 0 4 «, k ) ^ - (wty*6)o ( iO z r, 2j,-2.f6 

2?nS „(0- y .-i!L = u,m^‘ 

J.4I1 k > (fc),k) l ( - kX'si'H (T^oy? A"\ O’ )■ 1 A0S2Z. ,/ 

• ,,,/»,. ' . . , R>* t ^ 2 5 r Of t = («.232f.<(/5 , X2s)r£V.Aty ^/s 

|J -i-Alb/Vu^zCoS Ol 4«JnO<*<»20j- -i^jSdiZtJ b) {a2 , v 1 ^ 1 „ . 

4TA<T, y Jp m^t se e*uu *„ «« ^ Mr. < Cr -^.^iK»^i 
P ROgl gM /0-1?, W/7M cs'M/E'/ i» TA ! “ ” 1 

au«ttaj£ 5t4 ^ 

Mp- (U,2iH'<n)coi'Ot^.ilN‘i»)sinioj-OAD'iN-m^it l i»k ^ (cr)£o.(3): M^r 0,'0327(6)-(>.rtM/2-A M=f0.iq<>2W-n,)£ 

p^oeicM i 8 .iqD . 4 

(a) £«.(tfT DOES MOT COMTAlM Cl- 


PigoeicM I8.IQQ (f He.fr'): \=o,i 5 (B^if - *t8.t,ri 

(a) EO. ( Ml DOf s A/OT COMTAIM c«^. ^gyO/R.a 2, H»(/8rorf/j) s B8 tf 

< 7H?^' J; M,/ti’ , X‘)S,"’' '’‘"■ i "“ ) ‘ > ‘ 5 ”’^ C.-(V44.I*(».'«)E; I-««)‘-(5fllrtJ: 
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iiOji 4k “ i* Z^'st 


■10Q’-*F. t-' ,>t\v tJ~‘.'l-' A'Jr' .</T t 


*> - * ' "» " 

v*/“ri - Tftp fif.T ’■rr fJ , s jy i(PPCt.»inK»n»/5 

ftuum a/4-7*e ^e^AiF ji^’i'rD «r r^rs: 

C•*; mi **A i * if 

tt i +1 *n^ k (z') 

A^CEi-gty^T'aN OF MASS 

7?t = *Qr-ty-*k(*4- bi > 

— ' k==U ? - ^ - + * K+^i t ji r ( 3 ) 

?■ r l . din 


2- C try'll. 

C(jH>»?iyjA v if Aiofiuk 


i^V’.^orL 


p S £><V 

>-tV. 


Ll xCEj j.4 EjS) 4 *i- (j?i: + b i‘ b -^ + ^, +< 4)*f ■»4k 

k -1 E~J. + M Izj^bL If - (ogh^y j-]+1 wb’ofj l t 

+ £ *M,**),iO,fc 

FootTitjg corrf. or on '7 vectors; 

2)M=-"(^*+Ti^)o( x (*♦; 

~E e ?ii*bp t +&)' IS 

i) t-E. r if! l[bL /<V,-fc>*)4 t\0 |h>/\ 

a ' 4:-y.fK«,-0J,^Hj « 

%*f"[U« t -^ l ')-£o,J l ] (V 

^ F >." ^ ^Vh 1 1> Z ♦ e 4 -1»)<* 4 J^r i»lb(«' z Wj/J-fj 

With C/UE(V DATA; 

W= 6/32 .l«-0, /foil, L=i(t, hr i ft^ri. ft, tJ ( - (6^= 8, Of = 6 
C«) « r ?. 182 lb.it £-( 1.301 » (t)J M 

(b)Dy-~ (>.10 lb, £,-—/, 403 Zfc.D, = £*;*. 61 fc 


M r <m-i-. iv'i • a-vT. . i /<?•*.••• ^ 

-A r V^i 


4 . 

W/H?Re THtr Tif!5T Tjrn /^00TA4tfFOflri>irFrcri\'TiAiVV6 
& AiSOHiufi TKB FArtMC AjJj'2* t- it r ,y ti ; 

( -AW^r 7 «"™ V~ 4n-if 

Tfnii! = £*<*?*,*+ ^4k^t-Yo),j4 2 *>,^) 

h 4 =j+ (z) 

^oomo/o. of Motion 
- - 

=. obi- ^1 


h ntlj e 

-mLcO.-L 


^ (3) 

£V*<?oW es; - i + (Li- h »x (-^ L ^i) 

V = c +•" “ #i t ^)i< (if 

W/T/4 <;n/fo' data: 

w f -3^7^ 0.1WW Ib-SAtjL-jft, h-S*t, i =| ft- 

<0, - 11 r*i/i' & t : - Hradfi 1 ' iO t = <i «^/4 

iPfl.^3) * 5 = -^.2H8V5 /b.sVfO(tfk){Hr*d/ s )^ 

= -(5. 3ofl «.)£ 

£(i (^l) : N ^ (0.IHtHStb tytt)(£fb)'(lX'odJi)( t ir»M) 4 

-0.0352 <t>ft)i - O,l^<iS-/0.3V7224 n.V6)Z 

^ ~(l>0i$2 lb. h)l-( *. •job lb,ft) K 

FoUce-cooPie at o\ 

K?-(5,301b)i ; 3A*=(l.O3s-lb.H)i-(».50lb.(jk ^ 


Gofen: 

DISK Uf H/EI6HT vVr0/i). 
AT /NiTAUTSrtcwN 
tO,= ll rai/5 *«D0fttf«5D 
A7 k*TC 0F H r&A/j* 

605 TO FRlCTioiJ. 

A«M 0« 110TV4TCS A7 

CON/ST/wT^s 

jJ FIND 1 . 

Mn. Fbcct-couftc.<>5reA 
K<?PKr.FUTiNO 
py*m«ii KrAcvDyl 
AT5t PP3S-T 0 , 


G-is/’bH: 

DISK OF */E I GUI *J = 6 lb 
Rotates ii/ith ccNnmr 
CO ■*(|fcr0a/i)^. 

AT llNl'TAMTSrtov^SHAFT 

DCE HAS ^(8rr>dji)_l 
ANi>^= (fc raijs*) l . 
FIND : 

(a)COoPLe IVPPLTP 
i TO SHAFT 

(t) D'rMPMli »?Ertf TitiTi 


A.T Ts flUUTi ^ . 
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110 | c owe. iuPesRTfj) ©/ 
APD SolKcf fn A. 
Tgoftir* ie>.io<}< 


- 1 SOLID SPHFCE WlfLDEO 

To tnx> of *oo a£ of uraniau 
rim s jvpajat cd e>y e«“LL *wd 
jock?7 *t ft. iPfteee 
peeceoses co^st/tut sure 
OF 50 rp-n as shown. 
PROBLEM IS. io7 : 

PlMU of sP'^l , k.wuu'iNfr 


PA?cess?s H-s shown ht comsTiwr 
Ri»te or Iforpro iviTH/irVCT 
Find: . 

Rrtc op SViN Y 

PROBLEM I B, /ID 


THAT 

Problem ib. IOB 


= 3000 rpm , f 3 = ^0 

FlNP- 

•7W6 POMiBLt V/PLL»e6 0F^ 


KNbWlNS THAT 


\pI:„ A*/filL/W /e-i6<.T‘M 

^ NJ* C»***4>K4hk 

WV e- - ; n/3 i+(fo 

y V % ’*/ -&-= ~*p J‘*iI 1 i + <f o>s^.A 

lv< 3 HoHruTOft Atovlji 

* I^t*^ l + X ? fc 

«■ + ^ TW '‘-‘(t r + 4co}/S)Jr 

?i Net fl is ptcd, •«« ose rt». (/e.ze) *• 

"2M, ? (H^ ♦ttpH^*' 0 + + + a>ipkj x H| 

= (- i s/n A1 + F«^X[-§*(|*+^f ,J«n|U + jL^*F4w,fS)|c] 
a | -*t> Ji'nyl^t , '(i r +4 ^vO"f ** +h V^ 6o V , Ji . (i) 

Bor tm a = -|hk A(-^k)r (t) 

EQ\J AllNCr (0 AMD^UV- 

3 „<**;«[• \jk*(?4 +**?)-& h ‘)+ ui f \ r ~if f 

jrtyi' F “pcoi/i) - (%+*')*’'*>(* r-i 

with *=i ft. -(t,^~3i.z ftU‘A*a>nuLTtrL.xt»'6-Br3$, 

r-US Icosf*- 1U/+ (3) 

LrTT,H6 4>- - <,OrpM:-*./8S8r«J/.>, f>r '/O /// (3), 

y- 17,5(- <t, lOBOXos <tu‘~- ’Oft) 

y=r-5£./5>+ *3o.ilt- c lbbi,0( f* 


Ai*/6l>la«. v/ELPciTi ea.' 

5PBe«e: 60= 4>K + Vk 

£? r ~ A’SIn/ii + (Vf** CoS/3) k 
FRrtiMf Azy^-r SL = 4> K 
-h- - ~ l +- cpA>5^ k 


t=o.e«V^ V ^ * - 

flu =- twfyi/f F t= ('P±<i>'4.<f)k 

strife f\ u fiye^ we ore 
r - a = ( >S-xh 4 ^ o + (- * ^«s/s)k x y, 

*■ (- £s''n/iiF4 1 «i/3/f)x w [-(j4 FfI^ 4 ^*/^] 

-1H 4* iir>f>[Lti(pi4> 4X /f-dMyjcvfj i ('o 

6oT 'f!S)*-*ytsin/kj (Z) 

arvrtTiMffCOr'^ftJj 

~ ^ (3) 

Dm*: (rJortTtihi 4-is ve<f*n\/e) . 

t-0,06 m, £x f.tVmJ s ‘ et>~-50 r f' m * -5,Zit> roi /i 

2Sb<IO Y^~ 5. J36eos/J) - 6A|6x/0 f;5?3Xcos/i)|V»f.7X/0 J 

P= - n'/,tfc,:(fl t /75 .F- ( a; 

TKti tLZM I ('.l i 7 

psCf. , C V I'y'l - i-to* 

f=- in, f> I Uf. ? :'f /7T7T - F (,8. B75 roA/i 
' • C5 7.-7 


PRoatw le.iio 


WITH fr Roorp^ =• 83.77A roJ/5, ^U.(4) Rtuts 
05.776 = - 117,8 lcoif> FI7S.SS 
cosp>-0.77<185 fs-SB.lsy 

(b* 38.P* 


35,10V I/O. V « 0 

■F-' jf 315 '^ '*±\/(ss,<io‘<) , i 1 ( 110 ,*)) (35.10*±*UOZ) 

4> -1}8. 7S3 FxWy 5 = H J?0 rpm 

4>= (3’0 K 

CieWiE OpIWiTE Tu SS*6E ^MOWn) 

£5 += -2. ZH1 r*4/s --7,7.1 ffm 

<p = -(/7,2rp*»)K 

SeNLE M 5 
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18.111 and 18.112 top supreme* at 

--- F/PfD Point O. 

*1__ PROBLEM 18.111 : 

Givcrf; 

AN® -m = 85"$, slim*, (<«*5Vn «i 

jK. C--JT5."*, 0-30*, 

l?#Tf oFjpiH Ai3auT f ftXlB = 

‘f - 1800 rp<»i. 

^***•4^ TWO Ft>S5\B«.C Kil'Tej <p OF 

s-rFftp/ pREcessio/v. 

fKO&LPM |g.)<2 

G (\J£N : 1*1, I = I <0 4 - KzcTnrjf.-jLAfi 
C'OHPOW?HT C P £0 Ariosi t A *14 
fc) SHOW THitr ( Il0f -I'4-cost>\+ ~. Wc 
(b) St^'l T-rAT IF i~ » *> 

'c) Find PFRCziit 'Ffiog wn = n/ i?xP*£S,S/cW tiA/6*K i> 
/S I’SED TO ttPPKoXUHRTC. THE S’.M'EH 4> OF fHOi.fB.IUt 

WE Recall pRom pace /lyo th; pouo«/iva =<«. 

CO r - 5 Cu o i + eJ t (T (18.1*0) 

h. : - I’^stnUi + Ico t k 
- & . T , . . 

_L_ = - £ifi 9 L + 4*coi t (a ( l&.’li' 

SlMCE 0 IS A FiyAh Poi :7 ( W* Ftt 

51M -(h) vlub 

-o ' -o ox^? ~ . o — P . 

^ 4*s/n t>< f 4-cosS*) x (~l'^sim$i + X <J,£/ 

zdiT^. <t>siA 0 ~ L'4>u>i0si’i&) j 

WHTt t J /j x PLPiNS O Z-if.nl) «V;> ’ ’ Ts A*'/* V 

2"^ - c k *• (-WQ) » 'O/c sin 0£ (r^ 

eqjrtinc. irui.(i) awd (2); s 

(IiOj- I’4> coi-i)4> = V»/o <0 (■*' 
PPQE'.zH ia.HI 

5/A/Ee , 2’r-"**, > FC (!) V'ElJjs 

iu> e - »r“ 4 . sol 0) «P " $ o 
U/M FRc C0 ; = Y F Pcoi d , 

WITH (j/urw jjmtA amb t" - lEwVrpm r 60 If ro*h I 
\(O.Oll) l ((>oTii- f rc430')-(0.0V5/Fc^]Y- 7,01^03^ 

fft 02 i)’Ji:oiJo> J -{afl 2 i)Vof 4- + ret(o.oin'T) -o 

4- 2 - 60.577 <£ + /60,/7 = 0 
SOLVlMb: £ r Jo.i'fl 4 *5; Vfi 

■f- 5 5.' / 4 T£<d/i /*/✓/> _ tf.lttl FAtijs 

AUiv/iFj, S33 rf»m Aiv'C r pi» <51 

fKO&LcM 10.112 

fd) 5PF PFR| vCaTiON OP £o>(l) ABOVE 
(i) FOK ir»'hj ■^•2? y. H/V6 F6). ( 3 ) Rrc WF' To 
(J Y- J’ •Pc.cn) J> - W/f 

Fftc, WITH t »4-, m To ^ 

j-fi* = v\/c (to.e.D.) ^ 

^c) w/th 2)0 ta op PHoe./a 111, Ffinve ev^ri. .v 

xr *.> ift^PHWSW. 

«/00— y ^- 7 . 7 % 


18.113 and 18.114 5 o.t> c Pt ftrtrtc ^ D7b 

-- Cost AB 

<^5i« PROBLEM IS.)I3- - 

X* _ r 

\ fflv/Fpl .* 

c. p>'= 30* 

^\ R , y* c ^ r< “^/i, <fi = frad/i, 

r'ifjy fR ° e,L '- N1 l& 1 l4 < 

p C = IZO tn*\ ^ AB=-2HO »”"! 

(V7 T|,v J ; 


WE RECHLE PRom see <?, 17 tmpt ) Vfe TWF B PRinciTi . 
MjMrvTj oPiwektia tip a Cupt a«« rnoac ir; H»nw7 
t» P !//!'-';,« A&ovT A.ur >.,*? T^vO’iAH G li Also J^~vlC 
USi(t* Gztt BfZf Wn- z au>w& CS, ar //v a ej) Plait 

Aa/C } J. A 6S> A'tO PtWHTlVfr "IS HAVE 

j£ CvBI; AO - ^5tnii+(^44a)i0j> 

^ c =-j«Cf^5.'oei+OHiT«^)f] 

SXh ;k ra * H 5 s T‘ . 

a \V ' jl = + 4 cose k 

X'L/, # E 61.(18. Z 2)‘ 

’7m t!/- X 

2,L-£fe|}r • 64 *f\ 

\ F^ T 0j-(4*siq&} + ^0)69A)x 

A i+±c*8i] 

& H = — i- ao c. 1 «/»'*} r s i •■‘■S 4 (0 

-6 fe — 

fgUATipM 5 OP MCTHlH 2: f = T(T) ctt 1 

T^Ilg 6 ftoRi:. comP.;_ 

Y^7\ - « TsiVA*^ 4 < 2 ’ 

n vcktUl C-WHR! 

',13 W,, r C0 6^-^ a »«, 

<fi«iC+VV'»9 Tcos/i^’na'' ^ 


zr = rcr )tSS , 

HoS'Z. ComP.:_ 

T&'p f s yAO- (2) 

9 VCRTlCfrU CWHR! 

Tcos^rfl)^ ^ 
a fart/ 4 (V) 


F^iHc+v^ne T co S ^. = »n^ 

dw-de( 2) Ev(3); fcwyi-1: a^te^/ 4 (v) 

c*4>fcin“> s0 
Pivide ~Y AHg)!^. c f-os 0 a» vo joli/C POP fan S f 

f-an ^ = —^4_- (5> 

PROBLEM I6.M3 

IETT,H i /Sr30* Ci O.OSnl, T^SrodJs, 7 = Wrtdl*,£ = <I.BI*»/s' 
tH(?): ten « .-AlfMW 5 = 23.7° ^ 

PROBLgM IB. IIH _ ' . A ^ 

0- = £ i* RZCfULifJ6 (k) • 4" - ■=■ - ^B)oioy5+ ^Cjn)^ 

Lirr>*Jf &=Z5~.fi‘B-0^*1 *\,c*O.I2m,}: 1.81 */i l t 

f = e.hu-hf raMi Q>) 4> = 6.1 Hrt,dj$ -M 

SCJLviMC-(5) FOP C4>-h, , Ufl* > i-. 

jr-JLlhloZ - -S2.6<\<i rtJ/s 

(0.I2)(6.W7) (a) ^ fZ j ^ 
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T 


- 1 TO CoRp AB. 

PR06L-EM 16.11^; 

K 


Gis/tNl 

iX 


C =■ 3 (n.j (^-‘td, 4> - £rad/j 


Find; 


\ 

ANCLE RNowiNfr that 

T 


(A)f -0, (b)f-50 r«IA(c)Tr-J0lD44. 

° 

«u 

Problem ib.ii6: 


/h* 

£iv/EIV ? 


CJ r 

C:3irt, ; AB=-/5; n . ,^r2£>1 /i- 35* 



Find : 
ca; f- } (b) 4> 


1 1 U51N6 6x^2 WITH H ALo*)fr 

^ CB, X \H ABt> PLf,yJt AND £ 

± ABC ftwp Poimt twa- Au/py; 

!\ \* 5^*HERt: (0 z 4sii) 0 i--l-(t'i- 4 'ot> 5 d) fe 

A^. k H & r|fnc [4’Sinfilyf^+4^as#] 

FdAME <5*3 * : 

2 f — _fi. - <£ S <' n t*_i f *7>Co t, & h 

ft WH,Y tXlvH 

D v’t ft Jc5ing “ft K -C’>toyi ~ “6 

= 0+ (<j>s' - nOj-f^c»ie^) x/^ 6 
H.= (+sir)tK +4>coib!;) x J.nr>t , '|4»iiVidi' f (Y> f<oSP)PJ 
H 6 - |r«ic.*4 ail e [- (4> ^se)} t- 4-ct>ioj] 

d*—f nc**Vane } (!) 

FQufVTlO^ or MOTION 

JV( }p<?4>fji*o 5 F - Zff^ • 

-8 A-\ Hdriz. comp.-. " 

ro[yc j zr ♦+£7_u^ T si*, a - 1 "5 (zl 

\___y \^ycat>6 VPFTIC.&L CuMP 

Tcos 6 - w = 0 

C *\o$ •-+- -f tos ^ u (?) 

DlViPEfZUtO): h*ft.-.f a ( 4 ) 

45 ?V **«».* : .. * ' 

-oyij c. s>'r>B r f'Sintj p)t cos6 

SIViDf fir «ij c c«s ^ AND SoLVf P&R Tati '• 

tan 6 = *-— j j —c ( 5) 

uczc^-r/^) 

PROBLEM IB, 1)5 

U?rWG/5r* 0 ; c - Ijft, 4> = £ c&A/i, §. = it.Z H/f , N (ij l 
/itne r faht>'/(\ + 0.0/8 63 V V") 

(A) FOR fro; /“** e-: feu, vy* 6> =• * 0 . 0 ' 

(<>) FOR i(r*50r**/s: fad* O.HIHie 6 - *3.5* <*fl 

<c) P0« T^-SOnJhl h»t> . U.7BS 0 - gj- J 6 ^ 

»**■ + *r»u, «c») :*’f- („, s J,,,i,i^T 

•/ITU f>- 351 0---?°*, A6--/.25/Z c rots it, } *33-2 ff/s' \ 

<p =S. 300fc rtW/, (6) * = f,JO 

SOLVIT 0(5) F0tf 

ro& t5f,C4 (<0 f = J6.1 ^ 


18.117 f > *'S» *. (|F Th! 

preco^oii I ^ w RftTE OF Pi ■ * ?ST'” 7 *,#•' 5r*FT h 

AfioiiT (JA = l rt\l in Is 6t>Ojr 

ro« <?*«T »■■ f'y*- r. 5-1 

! ^^370*.*, 

Ave^A<t r wau/t OFrwfss aj 
D<J£ TO (Pfi’AVnM Tlou#* L. 

/ ArTRACTiww OF 5 uN, Moor', 

* AND PiANEfS. 

^y< ,2 /» we use Axes (u/ith ^ 

_ Point nuay) 

y\" Tutal ANf. vft. «F C«»7H 

l \ a* = - <#srn^i +L'V'+ <£ <*’-f)!s 

\ PRAM e Cscg«! 

' Vv ! i_^7 , £t~ - ^ sin fi L i & Cot ^ 

Hg ~ - I ^3in p± + ?L’ 1 P"F*P c*f fi)k 

EQ.(IB.?SJ: H -(H) + li/. h * O T(-4>Sinpi i+aafl*)xH 
6 ” & “ “6 

//“ (~4S»n/it 4 + «^-S^X ♦■ I 4 co3/*„*3 

- i4‘S"ip(T+4}r<s/i-4‘j*&/ i )j 

£= ij-r’'" /»> 

EQ\)(\'nori3 or moiioU 


^ -w ^.^ 


r -^ _ w ; - l+ts' V iJ 

(note $e*sP ° f S' 

With sh>t:n pa 7a)- .' 

-»t r i J7t. J p = u -fi(6,W* 10*1,f( r. I/)r/o 5 A^/nO 

J r £**r7x 10 " kg 

= 16.8Z7 x/0 36 

* " (is*wx**t * ‘‘‘■!/r)( i * w*tfJ600V*f 7 ' 7,7/|0r ^ 

= (t6,6Z7y/0 S ‘kj.n , X7' 717X10 s^l.tiSKlOs^Sinl 3 , 45 * 

z-V.61 x /0 t( //'"I 
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18.118 

Gl V£sl •• 


pfiojE'ru.e miitiv 7Hr2ov 

— c * 

/r^ 3 «H»J , Z OO Illnn 

1/ =^PO Al/j* (hokhon thl) , 


DR* fi = $ - 7ZOM(HORirO'y7A|) 
/i =-3*, e 3 /go mm 

X 

-7= £000 rpm 

Find : 


(a) fiPPLO/'Nin e «u<p 

OF RATfOF P-nFC P5T ION , 

( t) S,*A . VAluirioF Tlu'l' r." o-f T• .'Pl-S!fP(.'l'»/. 


18.119 G ,[/e — 

-—- A*'5yMM fTRif A. EoDY ‘'WfctR NO To«C-t 

X -MtfWEur of - i*pfv* A&yi i a*/s «FSrriMe try 


>*+o<4 that; 




rig cos 6 fX ~ X ) 


co^s- + sin 6 (0 

Since Twex'r«'V d is a forcc coaisinRi <pi F*?om 7<+e pvrst - of eps-C/?,*!/), , ^ / ' 

Wriisn/iTMoe rtMx> 7 " f ' ^ H t si»9 

t'P « 7c>ri^, /Tn/itt Prifce ti.LiKe * top, * *C‘* '» ”* X' 

Ari.A*iic5Z f »«*,*. - 5:. TJ r«,.7 po/, .£. ^ <?,«. HCrittn ()FfO^P(2): 

? . U'<«- »*K -.yj, _ cL;,,* ^ 7*S>.z.i.)( 3 > 

T'r jwini fti** X’ X’ 


;; 


PRpN H<*. (0.2/: ~y~-=cJ f - <4*,-to<H 


^ + +«6j0l£ FRcst *Oi. (I$• V«;: >0. r A frt 

' Or- \ ^/L 1 * r*w pq.Waw fs 4> t< «>6 ^ iki^H ft) 

P?amf s-; XI =. 4>s>'*jbi 4 fcs/s k I' 

EG (\9.u): £ =/h Y " +X2*H 3 n + il**-/, Si fiSTHU7f /=4o/i (j) ppX (7) into Oy 

H ■=.(*» sm A< + X<£jrt A) x [l<£ji n pi + f (yi) ^coi/SWI ^ r, Coi Mj i 1 / 

r ‘ / / _ ' ? /_J „jr_ HgCM^r-D /tor^ ^ 

THtij: T^l.) fi - H. - 7? i/ip^ - 2 ) «£ cey> 'fjtji (•) 


ON TWr orrif ‘ ri w'-it. 

- c t/f-DK) = -cDsi'fi 


? (tJ-W: - Ci> =+[(T t -I f )4a s/3 -It] (3) 


18.120 gp/ed < 

AviSrMHersiCML e.oj)Y uriflev no fi>kce- 
X = MOrifwr of iweR7m about axis oPSYfiorTWY 

Z ’ * — - — —7*wji/feje./)/« j-^po 6- 

6 <r Anje ip ^s-r.iir r i.» Ax-ri pa t>RECz%sici>/* :p« 
tOj = coHVctJevr op c>? Alch6 AH'S JW«t‘wy 

■ KfliV I ^^IIl 

a) 4. r JLf2«_ 

x*cose 


140 APp/^ox/NAre u/uoeop^ , - 

’ ‘ -1-~- ■ --*- , , <0, = Co/ifru/ewT op CO ALCHt Ax* ^P 

XfAicr y»*>. wcm«; a /eeircT T ne f/rst tc&i 1 - 

l/V 7/-C “'^ux?r /N ('>.), n/f pRTAtH ?tf OiV . 

Ut-o . «>/*> 

WiTri ^lUf ri 2 >aTA •. r (lOI«)( , D.OSm) c0,05ty« /£. SoriSF’.txi 

C r 0.15 /ii, D.- /20 A/ ( 7r 6«» rp ( ii - 20ofF railA --—-- 

,-\ ,/, {cO^EE Solution of p*od. iB.itf fop x.ct.<inTiuf* 

w+wym o») ^ 0F . liW: (3J 

(t) e?^AC7 \ZRL^FS pr 4, F«OP< ( /0. 1») : H & = 

l/SlNli £(* (3)WiT M 7rit ri^Oi/e HMTA ripp 1AI1TY 

/3*3* AND IO.B/y.m*; 5^6ST-Tu Tf Ptril H fi W ^ : 

* . r . 4> - 1 ' 3 -- ^a.t.i>.) 

/a _ xi/a C _ /• yY»“ 1 X a* /i t\ t- f >,,t\ Ti\ t» . . « ' 


4 , - ^6 

^ X’ 


f*on res. (/ 010 ) : 

& £oS@ 


-("O. \Snl)(llOH) r <*>[(0.6-0.05) #>ff: 3- a 05 (luo7>) 
0.1*817 4**- 31 .Hit** nd - 0 
4>*- H 1.1*7 4> + 2*1.0 33 - 0 
£ P£ (W. <1V5 i tfvMYS) - V(2V.03i) ) 

- X^/.'JdSf RO.-ieS) r*4/i 

4>z Vf.3fcY ,a<iA p. .*> - o.seioi rul/i 
4>= 3 “7^ r p'" M AJ3 ^ - 5.55 rpn 


I CoS 0 

(b) fAPO RFlftTijv Tost oATriiA/FDilVP ha/E 
- I ’ <*> COS £ - 6 

W/riKH SribW5 TriAT, For PIV /VXKYAimf 

Body cuvxri n/0 FbKcc ? tut r, ri. ptruBE*’ 

0F 

TAl^- C-Za^- r’fceSP) 4>Si»6J 08>'74) 
/i e-qual to zmo. 6u7, tiNte - THt-ftt? 

K /V6 Fonce , (VF «tsc H A 0F 

£u. {le^l) U Fi^i> . f^.E.n) 
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r- 1 at/symmetrica-l Body onder no for.ce 

J= AfONEVT <JP lrtr/? 7 / 7 * AJJot/r Axis OF SYMMETRY 

j'» - - - - terms vrrsi «xu n-wety s- 

<0^= coMCor/rn^ of to A-iom. f\xii Of jy/'WCTffV 

Sf-W that-: 

hfJdULAO. i/f AOciTT CO /S OBSCKYej) pgtf' Tfg BODY 
TO Rotate A 6 aot THE AYI& or StMPIc r«y *T 7 hE KPT 

^ ,r-i 




fabljl'irlt DffiKT 

PRTCcSHOW (l‘>l) 

we cows >ore t-wc 7 

SPACE AWD £o!iY Comes, 
THE Piarf z<jg 
RotfUeJ FB0-I7 T "*t _ 

Z All! AT TUf flirt 4} 
So «/lLl THE VPCTOI? LO 

^ CorJTHiiv/eC IN TM* r /=lP/yf. 

TW;, THE Tip of cO 
WILL DESCRlftE Af< ARC OF CIRCLE OF LENGTH t, A> hi 

<5 ” 

/M Tl»E T'HS’ At-. BUT, ACCOPOlWfi To THff DCTmi TION 

oFyV^ trev/FCtoE tO it, otisCRvcb ro rotate nr 
tht rate n. with rtsptct ro the Scoy, ~r*vs, 
7He TIP OF cp uSiLL ZESCHi eS Mr/ arc or ciCCl-C 

OF LENGTH 71 At IN TUf TIME 0»t. SINCE THE 

Body co/ve Rolls oao rift S Pace comE, wf hav*c 
• ' 


t^n (O 

Bi/T from the sketch *Boi/e, 

* 3 - eJ Sin (fr-tf) AND * s =■ to Sin if 
5oBS7|To7lNS NY TO f/)*, 

4 Si"('9-0 - ^ 5 ’' n ^ 

> :r .f 9 . -* 2 (z) 

^ Sin 1 

wt recall the relation deri/td in Pkv& 18.12b: 

4> =- r*> a 

Vasti 

So&SfTi Tcn<A/6r mro (z) Hub B>?AOi\rJG sin (&-&): 

n _ Z SinBcosti’-Sin/out) 

~ I'tosO Sin / 

- I^p (&ll i) 

~ r \ Uni 1 

P.eca iLiMf from ea-flB.W) th-at U p® _ -£■ , 
we ha t/e 

•n - I'r.I.D.) ^ 

^ 0TE - For I > r’ (ftFTMGKnhe PRSCFS'iOmJ 
VvE H/0tiLD F/f/.D _ 


18.122 g//c^- 

AYljYMFi FTRlCAt Qooy OVOfR N® Potc*. 
ftNt IN RSTRo&AADE PRECESSION (l>2'), 

Si-h>»y that : 

^0) RR7ff OP RP7R0 ORAJiE PRECES£li)fs/ CFYWur Et 
LFSS THAV.TmAff TIT llET? OP SPIN •’ < 4* | ^ 2 |'V'\ 
{65tfE axis of SrMA\FTRY IN Fife-. 19,2.1 CIO V*nE$ 
Lie w iTHi* 7he OPACt COMl , 


/2t) if/E RftPiL tuf relatio// ocPivEtj m PF06./B,RO: 

♦ 0) 

I’cct# 

^ Jocose = TrO, 

SoQSlnuTin/S eO f ~-f 4*cos d, i^f aavf 
COSO - iCTf f LofcO) 

Soli/iiJc- for 4", 

^ A or 4 ^ 0 t)r (’ 2 ) 

z-i’ <^8 »-CT/ii 

fTJR Rp-tCorcniie PR.T r r S.S i Of/, I’/l <1 
0 0/ 7'♦E OtHIL pant, THE JmALLCST FoSSiElt 
VALoe OF 1/2 IS Vz ^ WHitA C.ORR FSP««/X>S 
TO n+e CfrSE Of « FLAT HI3K £|(? AiwHi/ii/A). 

THUS S , 

i <i<l OR 4? I - S >0 

OR -j- >2 

i-(i/r; 

Recalling that s ec $ > I, We Wi;$r Hfl^P PYOM 

14’l^zl'r! (s.e.d.) 


(t>) t/E RELflL. •• 

fan Y = 1" Arj ^ 

SWCS — i jr PS Xpou/N a0oyE J < 2 O/vtO 
z / * X’ ~ 

fan If ^ZfShfl 

la/IE «/«nf THE TftlRuNoPlET Rif /0CNTI7T 
I ffanV fan fl 

S/woe y<E afo ?<•£, we wave i+Urfi*nV>l 

ftwt>, r«o*i (3): 

tan if —fan <f - 0 

Tl+vj fan(if-e) i 9 

/»n (f-t) f tan ^ 
f-f 

The g Axis can n ot 
t>y 

Lie u lxh .iai_t.re_ 
(*5E5 SKtTcH) 

F.>,) 
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18 123 (pp fcfssivn or the faxth) 

—-- Gi\7 EN: 

J sMOM , OF INFPTlA OF EAUTH ft BOOT /i*/s ot S'tHHt'Pi. 

2>— — — - '— — 7/2y>^.Vr*rJJ /lytf 

I’- 0.^6 71 

KFlFTion J>cHVCD IN Pi? lie. Id.lZI: 

-»LS (FtP? J->I‘) 

iyHft’5 tO ? r tc^ftjvT*/r df £f> or Efl«TH/tteWS m//i 
OF SYMhcrK'i , A/VJ) -»2 a" RUTE F 1 hIHiCH «J 
/S Ofi5E*VrJ) FPiSM THE F«RTH 70 kOiAFC 
P-6ovj 7 F7< P.X/S OF $VYfM£7 « t'. 

Find •' i initihl fnf, velocity,* 

PERiop of PRecese<o*J of north Pole . Q-(S6tssyAJL^jjJ_h_\ i =;(o.o(-l ril r «X/e. 


£pV , ' u *70O-k^ 

j o mth v 11*1 f ii«.'Hu»'. 

(u. W ft 9®».S'* W " 

5n 'feu. ns r r, M '!• 1 - 
F" 1 r OF 3 ' i !••;/). >-• 

6^. viMts 20-iX T.k"' 1 
a i *> ' *a t i*» - *' '• ><i • - 
Ft . 2s.Ejcpet.UNf. Fir?.. 
F IN Pf'inVe ’I T ‘ *■• t.j 

Find: (S) p«ecf3vio-j »w.s^(b)<p , (o') y\ 


INITlF*!. /SWE, Velocity ■ 

■’P-*™* "<*)t 

p«/«fl ofp^crjibn 

= si O rf*v) -^V^o = (^'0O^)(Mbo,)(0.06ltil rarf/t) i 

71 i~r 1 _i> = (iso. at, «p/j)^ 

g 1/7- x’ 0.9^7 I _ 3 0Z /HVS./MPWC; 5; 

X-J' r 0.0033 r * CV» =' (IMBSm)* X .. ,__ <?_I z 

Tffttt; PERIOD OF PRW cession = iC^r|nj 5 ^ XZ(-ioN)}(Zs) i..iyl 5 l^ j y'-Jftj*," fwte - 

18.124 | glvtA ,, ‘ *1 8 ’ *•'•**■ 

* FOOTfVUt. KlCKcO V/ITW PUlNClPir OP /MPnrr-g H/-J> Mp/1*:Htin' I 

A Hjj^■» HDGlZOmiU A-A/6-. VTi, O PlNAL MOH'iNTOR; 

r~" A of HfimJnvix. 200rpm> H sfH) 1 H tt x(l 50.86 - *'/s)i t (/'''*& ^ "/j * 

R«HO 0FAIXI41 4NP 6 -c ' <2 

fi?ftHiV«r«s e A10MCH7J of IH*RTI* li I/z‘ = \/3 . ; (ll5,B8{g-oi'/tj! y/SO.Kty >(/<) g 

(fi.)ft BETtJFtH & AN p p«?ce^Sici\J A^|5 OA. ll/ ' Cl ^LL thht 
(t)‘ ’R^TfJ OP PRECESSION AND SPiN- tf 6 ~^ (d x L + + - I z £j i* 


t^r =■ f/'s.Pas -1 * -o.e+/>f:., 


; (U5,B8kj- *(no,»Uy ,!/s)^ ( 1 ) 




KFFfS?«/cr FKAMe Ojoj-e -g* H £ + ^5^0 A^(V 

— F . 


r CO sin IS* 


*5* ,g 


^ - O 


° ^ I ( to 4 = res I? 

\ W i =I, ^i r I’to sin tf* 

< Hi t 1 FX = O 

H; - I c*Jj. ~ 1 (D Coi, /5* 

^ - ■ fc 3l . r-L fe.NJ-r 3 fM 

Hj I u) i os | j* I/i’ 

fp», fi = 0. 0O3^S ■«= 58.7^* 

/i- 0 -/s*.-j8.7«iif*- ir^xm* ft= 23 .tr <4 

(t)uSiHO- tuf oBuaoe ConPoivpivTi op w 

AiONtf 0 A A/Vi oc 5 

• Aflu/ Of S/n/Ci; 

/r tv<q^T *7 » . ^ 

0 SiniB.M' Sims' 'imVJW 

23.7‘n*r>*^'' _ 

4>K oEiTing cO =• ^oo i piD ( 

i WE Find 


fWVflTNviO 7Hr liirFf OFi /s / - , /N f/j »(ivd (2); 

XoiS cD t ? H5,tS8 6*x - 57.ZlsX,tO i r<ict/[ 

i ‘loctD.z- /so, 86 c^ - 6-z.eiz x /o i f n,, A (?) 

It c,% - 0 u) f = 0 

5P1H /ffiFtSSsiori IV^IS 

i —~ Q 1 ) Froh e\. OV 

iir^ u»#-*L- jts.m B-.nn'C 

10 TT 

J__I TH05; ^^, 5 ; ^--37,r, OjF-JO* ^ 

F*UI £.$±(3): ^.,/- HU - 37-gg J 

e-U f-Z.iil 

f R e«S4M *> * l^ 5 '; W 

LMm/ op f-tNat : . 

E* , A/Ax ^ _ l .. v>- 


gH/lgQXID'^ 


RFlTe OF PR^CgSSlOM = 4*r 62.6 rpm 
RA75 OF SPIN =y-. 125.8 rp.»\ 


n G/y/™ sintf 5/«y 

‘ gMgfXlD 3 r ^ r 

• 't’,/ y<n37,nr sinHiz%°~ sio^,n/ 

5c?lViw6 For "f - ; 

^ (b/4*- ?5^Wx/D 3 r 6 ^i ^>-JJ,l8nrv/h 
(c)t}“- II-U7* lo ta lk if-- 6,60 rr*-//, 

IVF CHECK F?OH ViP-Sri OH Thi) 7 pRCffySIQ OI 13 HE TKOt k Ape. 

A T Hflp «F,llWCt- x>iy 
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- V rV“ 2500-^5 5»T!:u.nE l,<i-m 

Hl6H vJi 7H OCTU*4*m SH5t. 
" U 2m k K *k' t z0.1'>". K., = 0.'J«»I . 

JflTFUtTF 5 PINNING HT 
Kh IF OF if 6 rev/h ft BOV r 
WHCN *0-N TMRJiTWiS 
' ' _ fl t A awd £> 4R54rruMTfD 
’' ro* 2 s ; e>fp?iuiv4 fi/ei- 

E |N pQfiTivf II DIRECTION. 

find- (a) PftEfcFSSloN A5MS, (b) ^, (c) y~. 


iHniott Ai J&. Ve'.ofiry: I 

H K 3 ^tl 7 ^)(^i =C ° lt>6ZW2 ra ^i 

IN/T/AL /’10•*i s nivm i 

('H c ') 0 =*> <<J -(2sook^(o,58*ny(o.ob2»ii 

-(150-86 kg-m/s/j. -^|-s. 

AV&. IMPUL&S ! ( [ G- I 

_M 6 6.t:-(0.6i>)ix2f-2oy)^(^s) I i I * 

M t 6fr ~(h 0,0 ly.my s )k 

i 

^INCIPLE OF IMPIASE AMP ftQHf.NTOft 

FlNrtLMonCHTuN ; 

fc G. ,r ^6V -6 Ak = o^M 

we r rtrt £.: iwm 

V°xi + ^^4-1 

y*. * T « I + ( 75 ^ k SX°^ M ')^ ^tSoaflOMmfai 

. ” (<?} 
FQOftVNO rMFCoCFF OFl^.k Ux(l) AH!) ( 2 ) i 

= 0 ( 0^-0 

2 Ho ltOjrl50.Fi, CO,,= 61,817 XfO^xA/ (i) 

2 01‘i hp.o Vi ’•73.7CV X/ 0 3 r/o<A 

A$j’\h 5^N«x.t 

tr’ r k$!L r _ T («) P^oih e«.(iy. 

Nr* , » - H e. - »g-0 0-/7,650* 


2-*3 H «J ' M- 8 <> 

- _ ' Trty i'- V *30* Oj= n.bs] e l -- 71,15' m 

friOM E<1H-(3Y- tOnVr- ^ - J3J°!L ^=20.66j‘ 

6;,8ji 

(0 ^/A’f *0 t ‘ r (, 7. 15S > |o' 3 ro^/i 
pflec \ * 

AXIi \ LAv/ Op SINE’S l 

\J jj^ • S PW ^ ^ -^r- 

Ay|i ^''ne ' Sini~ Sinff-J) 

~ W e -i • ; 

J>y XZMjiLO^ _ <P ,_2tl 

°" W W •Xnlf-i&O SinlO.tef 3in 3.01T 

\ jr ScLVit/c Fi | v ftivj) ; 

P p - 78.177x10*^/1 4 , - HH .8 

(O -r- l l-toS*IO , r«l/> T-6,6tfm/h 4 

WFcWtCK F«0** t>nl6ieHN T8J)T PttcSSSlL-N K /iFm ce» m= 
(IT HKD Ti>P,E ( 5lNtE ^>4 AkO.JHos, J>lO 


STATION IS PF=ct.MiMS NftXiT 6X> 
|T7 THE COW jTrtwT RATE OF JZrev/h . 
RyBucM 18. 127: 


Find the Rate of spin of the 
STATION A gov 7 cc’- 
PROBLEM I&.I28: 


\ IF CONWecnoN IS JfveR ed 6«7we £ n 
<• ' ft A-WD B, FlNI> fiigyecTiOH A; 
(a)twf wv6Le prWEENCc’Awii thf Wetrssiiw 

foRgNTig? STftTiQs/ • 8 = -»0‘ 

l-ima' r’-^w(3a\L l ) L = - 

£Q.(ie.k9): tang'll t M 6 = 6( 1? ^ ^ 

X’ WfHtfof 

= Jg.tttXIo'UoHO 0 , /r2,738 V* 
WOBLZM IB. 121 

-LAh/ |ip S’li/fS- - . 

c v « C o» _ ^ ^ r ~ 

% j Ao» Sini Si/)(6S) 

/ U/ITH ^r’2 nev/6 * 

: ^ - ^/>. *-• 
f J/rtto’ ~3inl. 198H' Ji"37,202* 

<» SOL^i^b FOR W Awj> » 

o£> - 26.332 ft*/h ~^T — Z V.a^/Zi 

FRQBLeM 10.12 8 
F0<, gc C TioW *»■' 

^ ftWfLf between jTih axis a w j ^ is jtill ^2.7HS‘i' 
E/fl*/; X - £ a * - _ —02lHJf 

3d/n*5f~ 

£n.(ie.hi): = £ ftx-ie ixot^o.nHn 

taut- d(^y. -dPaUMH^- o.zvtil 

0.21 w 0.2 mi 

6*n.B7o' »=rllA5! M 

a>)A«D(c) We HA4B cOz 26. 331 ft*/!,, i-2 r lHBP 

^\§, l NPW ftyu AV2) ^ * ^'^FO* 

f )6\\ OEWKBSion Lfiftj OF SteJtSl 


Sin 12.850 Sin2.7W Sift 10.057 
5ocvin6 Tor. p Awj) Tp- • 

/"ij <#> - 5,78/ rev/6 </■ =■ 5,18 ft*/h 

(0 1 r =t0.6tS ifv/i T-20,1 ftx/h 
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18.131 and 18.132 C/vW 

18.133 and 18.134 CfVE*. 

DlSk 0FMAS5«r\ ij Fr®e 

e'l TO ROTATE About A B 

FORK*ENt)ED SHAFT OF We6U*- 
iB’-e mass /j F«rr -n>nat/\ie 

PRO PA. t* 18.131: 

Crf, WlTlO-LLY, fl # rfO* S 0 = 0, 

/f WbK 5LI&H7-IY DISTURBED 
cjP F|/VD IlY F=N.SUfA/S IMOTIOA/ 

(<*.) MINIMUM V/A-LUF OF 4> . 

(b) MAJOMOiM vfttJr OF £ . 

PROBLEM >8.132 ’. 

' - PLAfe DFHAt/<W (5 FRCf 

4l|c ro'RJiATe a^utab. 

\ FOH.tC- C UPCD 3 H AFT ^ 

A/P« HU PL? Ai/tJJ /< F^EE 

* ^%F^RH|PP\ \ r <’ ROTf^TF W ffEBRlR< C- 

J 1 |f j^ V PROBLEM IB. 133 : 

f«nri*ur a e *3o'j 
»*°> 6r<u ^ > ■ 

FWJ> <N EWSU/V(r MoFIOfJ r«)^INfi£ OF Vfliorj OF 0- 
(iH/Wlwv URLurorj*, fc\ 'YRXWUM \/rtLLif OF e . 

PROPLEM /0, 13¥ • 

iNm/Hlr % - Oj 8=0, = 6 rnt* Is. IF TL^C 

IS 3S.I4*7iy D/S7U«erD. Find IN ENYuiN/T MOUtiF 
VRtllFor $> t (b )NWl«"M l/ALue BF ^ • 

VJSV1J& the AXC5 Gxiji 
^\ / <Os^cas0u+ ^+^sirtflif 

£cWSFR\/rt7|N< oF AN8ULA£ 
8i Mt»N|FNTv/M 

|nitia-lly 0 e =3or, 6> t = C>, ‘^ 0 !r 8ra.<Us- 
Find in e-nsuiniv motion* 

(aj'RAW&'E <5F V4UUES OF 0, (£>)Min/mVM <£> (c)NMtMOM &. 

US(NCr THE" A/ej St^j 4 

} ? to = ^ t + <f sin 8^ + 4- cos B 8 

MjL^ CONst Stl MHOn OF ANfi'LilP 

, MOMENTUM' 

5\N(F IlliF lJ Fk?F f t > KOTA7E 
|r about r«c Za»ij ; wt wAi/e 

H Z =C~,sW (1) 

Bur Hj =■ 3 i>i g + H 4 c«s« 

H z - JT co^ sioB i I^cO, tot 8 zlnut}>Jnid f^ina’if cos 0 

- ^«I«V (!+**'*) 

USiNb T f ie itJmfiL coutnmiJS, Cbi Ci) Yield-} 

4>(i-uoi'-&) = 4> fl ( ucj'ti) ( 2 .) 

CoNilTRv/ATlON OF E U ERfi-T' 

^■Mppv’ «\ 5nvce Pi RTF is frfe to 

^^Y|Sc> 7 Rotate about Z»fis- 

XjjjMPC'- H z = £ on»t**\F CO 

BUT Hj,* H x cos 0 tH^ilnG 

= ^ A^ S<0 0 = j^tnc P U>s l 6 +i'»ilC I <f sil/fl 

r Ltncp (cos*64 Tsln't) - ~-mcp(l 4 ♦sio 1 ®) 

L>5lN6 TH-E INITIAL CoOfiiTio/Uf. £« CO /'ELUi 

<4>(l+ ¥s!n 7 e) = 4 0 ('+ ¥iio l Bs) 

CONSERVATION OF EN?Riy 

StFCZ no NoRk /i Dove^ w/f ma>/£ 7“= Cowhinl (3) 

WM e< f . 

&’+ y ** 4-’sin 1 8 + 

- ^6 , [& t ' + '4 ,, (5in , «4ZcoS’d]-"»la{fr 4 ^VlW©)] 

(AlWt THe IN/niAL CoMD)T IONS,/N£U/0/N8 §=0 > &/.(j) 

Y,CLC£> $‘+ fVl WiJ.- «4'( i+ctf*) * ( « 

PRoffLtM Iff. 131 

3IWCI? NO k/oRC /SBONC, w/e HRVp T=cwsfoni (l) 

T^fj 4 to;4_j^4i^;; ^ 

Tr pCosD 4 ^THt' 8*4 IlHc’i 3 1 M* d) 

- ^mc^b'+i'icosB 4 5-9in , fi>]=^*'c[^f?l + ^®)) 
usiR6 ri+r/NiTifliCowxi/r/oNSjwao&iivf d-o^u.(,5 )TKlt>s 
4e%^ l (| + ^,rP8) ^ ^ o l ( f + Ysln 1 ^) (4) 
PROBLEM 10.>33 

<4)viti/ 0 # ;Ro*il(t» <1>^8r«ils ) lfl.VL)VELDS 4>-j^r e 

P IS HINIHVH FOR B-O: 4f\i n ~ ¥-00 raJ/j 

(tj fa. (4) Y/eiis £*"- £* -4 (1+cos'd) - (¥( > ~ , 1 

0* /5 iMiesT for 9 - 0; » +Ccs ^ 

^ - * *f t-4) --« 6 ^ y -^/i ◄ 

PROBLEM 18.132 

5*) VVI r« <y 0 .- 3o « ^- 8 «rt/7 yw ft} 

4> (it cos’ B) — /if <f> _ | H/(\*(ja>'i) (s) 

SOBtl.rjrT E ir^JrnsjolvefoR y~ 112- IM & 

, .* ifcoj’e 

5l*/cc ©>>0, IFF NUST HAl/C !+COsB> f 3o* 

(<s)FRpMt5\ 4» fe HW'AuH foil 6 - 0 ' ; 12 1 Ij'oOmAk-^ 
fcj FRoM(6), 8 is />AXi«uw Fb/?8s-0; ^ '3,1VMs>^ 

A*y F ^ 

f^9 K//TA/ Op - 3o* Ai/i) 4j,r 6 cw'iCf "V CO 8-vo (<i) .’ 

4’C/+ 4sin’0)» /2 H 0*4 1 < ♦5/n'fl) » 7^ ft’, Y ) 

Fcii^/NnTiA/g ^ aa® sotu N& Fof o 1 : /8- ——j- (5) 

F0« 0>o; / + 4sin’BW, r/n8>^ 3<)’50< IJO*^! 

^)ffom (2»; iisMiN. P0<! &c3o*: «4. =-2 .Vo™a/, 

CO ERdm (?), 6 IsHax FoR £h4o': r3,29rr»li} 

PROE.Lt(0 18.1114 

GDiNiTH e = 0 )C k,i 6 rarf/i, EQ (22 Y if Lbi i = 15 

<F lb minimum For e=YoV «#» mjn = UOO r« 4 l/ 9 ^ 

(l,)Ba.(i)ViFLtiT. ¥0 ~ss- 4(n*slnt)*S(>(l - 

b is uARotsr Fov 0rio’: 

/I& 1 b l -''•to 6 =- 2,4,8 r-^/j 


482 





&I\/EN 


— 1 JJI&K vA/et-D'o Tt> ' 

OF W F vll 31 BLR fiMMfuwKict 
BV Ct-gy/IS tq SHAFT AB . 

Rap WDliK FR5? to do TATS 
IA60'/r At j SHAFT FR!E 7 0 
I10TA7C A&ouT t/es T(CM- AX IS- 
INI-IA'.-.^ tf D r <70*, &„-£>. 
problem 18.135: 
fcUoWlWO THAT <i :?i 
£LtLQ; . ^ 0 

«0*a. , Cb) * 


Kl^OWjilVO TV- 1 A 7 0, 


Find 



— D I5K WELDED TO fiopAff 
OF (V/fe'&Ll6l8LE MASS Si/PFoRTFP 
fiV' JMIL A» , D .SOC.KE r AT A-. 

IN H IA LLVj t^O*, 

PRQgLBM lg.137 - . 

MOw/|V& THAT Ton»A6, 

<&,) B„ u , 

a; 4 >awd Tp For 0 = © B] . 
PROBLEM >&,.<3&: 
fcWOwiNS 7>*7 6 mi>1 = 3o*, 

ZlND:(G)7jr^ 

(t)4> AND f FOR 0 - 6 ^ 




e \ 4^5 UiilN6 A*es FU^i.WiTH jj 

ft}\NllNt INTO FMFtR, 

X*\\ <? - Xsin&i-6# tcccl) jc 

\ \ H = T cd - !2 mi a'l Sin * 

^=1^ = -t-*»a ‘f’cvcr 
Con<,em/nvu*l qFan&.nom. a&x't Z 

SlVCE OH/LY fvUCES AAE ACACTk-'N A 7 A A*D jVr - 
WE htPVE S.h^-0 AN0 H. - C«»Sfi*l>f. ~TbhJi, 

Hy- H. s«‘« <? + i-l.cosd-l 7 iia'j'fnsiifolitttfB) 

L ^ * T 

H z = ^a L(2 +- I 1 ? Sir? b) ~co»ztao'h (i3 

1)51*1$ Vue //v/7/>u con.D/7ions to, (/) Yielps 

i(lilSJhrt>) s’17 & (?) 

C btJSEVvfWb a/ /*? 

Tff zto J+ ^«V* I # «f) s i Sj*ty7+ainV417 *Wca A) 
T= /Ss<V&)/7dU V=-2vijaa&4 

LLJ|0l6 THE /Nllll}L CD MDlllDMC, WF IkRITC T+V? Const- 
(£+15 5 in* 6)# +■ 17 e l - lil-aad-17# (3) 

PROBLEM IB, 135 

(a)if7 /*(*) .* **£ (Ui5s\,te#n\ 

2+!5s\v?b s 8,S, sind^b.hil>i t b-Hl.lbf 

, ih-VA2* 

0-^l.lW, e»0, 4- r 2 I«y(3): 

(2 +-I5 Sin* *1 1. 16f)()f 4>*) - ligceitt.ltfs H# 

H V=/Z.»Vy(^) #=3&.6l3 nty -4! 

PROBLEM 

«*>«' »--/?•««•• kt*x*)*iri, +'£■* m 

LET 6*3tf, s-o IH(2): J,n 

(U3JS) i l - U(yU)a>i30'-n V 

50857/7urf For j. r/? fl M (//)•. 

* ,75 (£kT% ~ 87 z <o5 * l7< i t 

, 7 (^y“') # ~b7lco>3o' > 4 0 * ‘1.1* > / 'A<yi 

<? z‘i.’fb rftAff 

(iO Ffitr-i C 1 )): t 12~ (kjbw) ? . 

•Or Ji ?5 ' ' qt- «IH.01 cartji 


* If 

-BitS 


4»K „ 

k - 


US(Nt A/ffS kip ,u)nH ^ A*ii 
POiNT/is/f //VT6 PrtPCB, 

0)-f5in()i-8 j -f £<58j t 

~W-£ W ' I a = i' mA ‘ 

H ft r^[l74.si»e_i-(7Bj +2(TV^] 

CPMSERl/A Tiow OF AN& F(flHC»/rvA 
SlNCF T7»e o*/ty e>TfUvAt Force* 


CAW h I ur'si TV" 

A«F the RPA<:t|i>n «r a Tr*e«i/*liil7 Wj-«ljRr At «•, 


OF 7Hf JJI5K, IT Ad'O FoilOi.^ 7WT H, = Cuf/i 7. Aft P*DB. 18. !??>• 
VS in 6 r/re INITIAL ^or/Z) iTiiiNi. WF wkiTe 

H t = c'-.'t; T-» 4 tus 6 r f 0 (0 

NOT/rM 7NAT H z - K-^-i^T^ + Si/) 1 # + i(V"+^MiS^coseJ 

*• “A “ iA L 


- - L-- -- ^ 

FVJ) SU*S7 ITOTikJo- F<om(.|) Flik 7FC IWSlDe MREMTHrsiSj 

^wcotistH’ n+siSti2X<u>ie r o (z) 

cow^egVATioN cF c^eggy 

7 17 E>17(t-44toi^j 


■ ?'T* J P 1J ^7" ? TTl, r T ' .-I —j 

T* fyuf(H Pain'9* 11 $\ Z ij‘) 'i=-l*faa>*8 
Tf V- conrf. .• 17^‘jio 1 > loicx>0 = 

<}>3ir)*0f8 ^ILS-Cobb (i) 

ProB tgM le. 137 . . 

^ ^ U): + "filsfsh - 

CA#c«y WU(& LET &~0 *0K ? 

/ <ftc \ Cb& 6 _ /6 ty< 1 /AV/a 5 /1/(? # 

(77)& - 7T TWifc 0 ** = 6 

cos v (J + 0.G7H5S COS, 8-1 = 0 

ct(,e-i(_-o.t7t!n 12 , 1107 ) - 0 . 7i8o£ e^w.ios' 

c»!.-i,}lU(/Mrox,rsj.s) ff-HH.I* ^ 

(6)5v8S7nyT/N6 i^= 50 rod/s **5 O-tY.iPS’'in (Z^WLi) 

FiXI): i .- -*(50lmi i t,lo£ 4>--8.V 

. " iin‘v</.ior 7 ^ 

jfc/ 0: ro- (-tltfcx h h, i oy* T= jffc.3 rod^-^ 

Problem 1 e. 13g 

LC7 *=*>•, 6.0/N(3): 4.‘x |6-^i , ^,*}*=lU3i6 

Ffi6F|(2) v»e note tnrt +»<0 poll X>o.Thoo: <^ = -13,33^ ^ 
».«); r.-^(-/3.33)5iol^ 32 7oe -vjr- 4 2 ,7m</< ^ 

£7i,(l)*. Tr32.lce-(-lJ,33)cf630“ f*rH3 Rwl/s 
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*18.139 GiW - 

- 2 TOP WITH FIXED fti/vr o 

—* <f> f & Y = £OCERl/IN MN0 l^5 

I = MOM.OPlNEKTifl About* AXIS 
#3B r'- - " 7XAA£VE7tSf 

A^ f AvXfi THRUU6H 0- 

show/ 

W / ijsln 1 /(*/r + rficos S) cos 0 a 

/(*+*CO.9)-0 (» 

(t>)c*i = Coiit AND <p = POiOiT'OU OF 8 


/* wr us p fr^ih e o a: w/t« ^ a* is 

z | jyij. ftxojTiNfr into paper 

Wb, velocity OF roP; , 

4>K nm P?= -fs'mb l* d^+(t-#4cBS6^M 

” SVS/G. VFEOCITY OF FBrtHT / 

I Q- + $i + +cos9j' (W 

*/ AWfr. MOMrHTOHflfiouT o< 

H * -f+sin6 L +l'$j i 3 (fv 4 a* ejp C c ^ 


<ja) we rfca-il z * t ~£!a (18.21) 

5iMceT«r 40/i.y f^temwal roRcts AfieTrir *rHCT/eN 
AT 0 and THE R/E76H7 Ws-iriijK. Ars^ */C A-Avt 
I m 2 >0 A"-d /=/?om 08.27) H = o. SifJtr the 
Z Axis is part ofa wfwtowia/i* ax ccFtetMcr. 

IT FoUMS that H ? * « 0 <i*fa»ifc Bur H.= H -K . 

S"0BST/T(/T/H6 roKHo (c.) A*/D Honnjc Tr+«7 

£ ./5 - -sin 8, j‘ $ * O. J? • K = eos« y we have - 
H ? j= |< =-I , 4’i/'«iB('-JiAe)+0+I('-V>4&s())c o s-e 
THuS: T+5<rfd t I(y~b+co<6)cotl = <}< (\) 

Wt+rtf o< is A cohsta/vT. 

vllE 0 £se*ve that we also have Z^ 1 # = < 5 , b°t we 
CAHWOT Co«/CC.ODr THAT H^rConrf, , »|/vcE THEE AXIS 
k HOT PART OPA VEu/roWiA/l/ PCAM? OF R ■" FTCtHCE 

u&ivG ee. (/a 28), wff wmTe 

(IR28) 

Su6ST/70r/w6 FRoiHfe) *vt>(c) inro (iB.z&'i, 

t M^= “1^ (tfi'Vie)i + j‘p^ 4- -$-4 4,ce±6)k + 

(j-4-sinli ¥8} ++c&>d!s) X. ffrinOl +fe>j +1 Oh+CM«i) *3 

C<W&iPPu.|N6- <W<.y THE COEFFICIENT'S op *•, WE oBTA/R 
2TM,=T j*.(-ft fcos 9)-l‘j-8sln b ¥l+0Sint =0 
But T H£ secowo amp r///rcp TPRMS CMCCL OUT, DOE 
Tb AXISVAOMETK-r QF Tn C nr . Tnvs 

"I^Vlpu^o 

*«A I(i-+4 co 5 0)=/3 (2)-^ 

WH-rRC is A CoHSIAMT 

(^t>) From en.(A)we Hbve «3, = Tt+co5e Ahd//V 
viev/ ^ r /y x = tons ^ ^ ^ 

50 6ST iT<jT|r/& PoR Iff-4-4-C®S*J FROM C^) IATT0 (l): 

l'<f Sivi -1 6 + p> cos 6 s <X (4-) 

<L*e£u l£os_e. /*0 action 6M) (5i ^ 

I’5iA l 0 


* 18.140 GNEK: 

- TOP OP Fros. ib. '39 

SHOW THAT: 

(a) A third equation of mot/oh can Rf oeiHiHro from 
TH f PRIHCIPL? CON^PRvATIOM OF EHeR&V. 

(tD 6T Ft/H(N/ATl«IA <£ AHDT^ from THATpaoAltoA AVJ 
F«^OAADf2) OPFAsfl- /B.INO AH PRUADOH $*= f 

CAV 6F Ofl TA(NCD, M/M ERf 

•)-»)' (1) 
Cc) Jy /mHODOCiNG THE l/AHlABlC TC = COSO^ THr max. 
Aiv® Mi/J. /mi/fs PP cah o« ostaivep ersoLviHCr m 
CUBIC FRUATioA 

( 2E “ y - 2m«a)(l -**)- p(o - Pxl* - 0 (l) 


(3.) CoHSTRyATlOW OF e-NERSr. 

7 = jl- (I'u> I'^M^*/ 

REFCRRoJO TO F®.(A) OF PROS- /£. I3T ; 

T.-^ tl > +’ 5 '' , '* e Vr-ff^caa© 

T+V = E; . . „ 

|[3’4’j«V«a l'b%I(T+ J+ w ftcosd=F^ 

(b) Su bstitut.ao m ♦ frou E0.C5J/P 

AND (s|r + 4 cose; from JFU.a) HP PPoo, IA 130, 
MucT/Pty/WF spz; 

j '(«dl^l\\;n't) +i’8‘t I(£) + /Hi^acosi? * *r 
' l's\rtt) 1 ' 

(cc-ficos 0) 1 ?+£ hfm , t cc*s9*2e 

I' Sin 1 8 I f 

5ocyiA6 pop i t / we obt*"* 


l = ^ 


WH-ERE 


/|« - jr (*E - -f--2n^c c« «) - 


(c) SZ1TIM6 Cdo8-Z ) 


M - j. ( l E ‘4' x " z'V/-i‘) 

errr/Nf /(e)rO AMD MULTIPLYin/Cr B Yl'(l~*', 
VP D6TA/H THE CUBIC. Eiiu *TioA t(*)zO: 

(lE-1y-2mgcx')(l-I , )--~ia-frf-0 ^ 


5DLU|W£> 7141S eoiuATiON */IU V l ElD TAR.RE VALUES 
oPTt. THf Tv/S UALI/E3 COMPRISED 6 PTVCEA-\AnjAI 
CO/CRESPoNJt To THE MAX. AND Ml/V. VALUE; OF £, 







* 18.141 and *18.142 


I solid cone. 

J tvniAux0 o =xr/fy-o 

- 300 rad/i. U5IN0 f&(X) 
Of PROS, IB. /IfO AMD 

Problem ig.wi : 

kf/e,MliN6 TM AT 4> = *4 rtui/i 

nozi (*)*„>?. 

(L) cirtne s ponjwo ■ Ywz *> 

Wo6 LCM 18. IW- 

KtJd WINS TNa 7 i = ~ ^ 

FiMji i fa; fl,*,, 

(y coRerjPoMji,A/4 t|t>wd 4> 
(c) vAiue of e fvi Mich 

SCWiC. of *■ li ?EVFI?5EJ5 


* 18.143 

- R[&\0 eddy of arbitrpvt 5P*»e 

't^-^7 5upPo<?ret>/yr rr> mas*c«mt?b o 

/ Mid S'Jt JCCtec TO MD FyKt^ (except 

/ <Y ~2J hi S<J FMim o). 

/ /Vy" 5iww; 

2T/Hq r^5 Hq r Cooita-'V (<N Hft&t|ir<w%« OlR*) 

, T - Co»v*A*.f 

?*OJ. OF *3 XL0»I6- H Q r 

/*} W (b) TIP OF '£> DtSCvi|;t? CMV« ON 
fif*o rt.A»c (T>+T , 'iNv*R«#6uf 
M"\ jHj^r PCFF.TO tf t AND AT JiSTAwCt 2T/H„ 

FROM 0. 

Cc) WITH RESTfcT To PRINCIPAL. A*ES 

* 0x^2 attach es> nj !"?oy J fc? 

Afrc*..J To DESCRIBE h CuRuC OV ELUPSoS of tCloATvoN 
^c£ +1 + z fl g = 2 T (RxRSot E U.IP5CH&1 


fa) FRa'A t». (.IB. 27); Z* 0 = jj 0 ^ 

s»MtF s:t0 o *°r . tj 0 s cgni+ft.'t (.*) ^ 

TfVrcopitj Since Vr-Covist, T-Co«stor\F (2) 
U/ERtcAU FROM Pfiob.10.17 Trior H o *^--2 T 
H \ to But =. H 0 oSc O i[i 

C^«coi/$=27 

y/* FfaT.OFtOON f^r iOU)i(b= coo* 1- ^ 

(b) 17 FOLLOWS FROM (3 ) that the nPoFio most Rtn«w 
Ifi a PLANE J_ H # ATD/S TNNCC ZT/H 0 PRoM £>■ 

(cl FROM eo.ue.2o): 

T-i(W*$*,+ W) 

F%0M (2) II FOLLOWS 7"H*T 

^ ZJ 1 + 1 co # *+ 1^* =■ Z T j ( i) 

Ew.fu) li THf E(4v/ATloR Of an ZrLLiFTotP an wHic.H 
THE TIP OF OP MOLT Lit. THIi IS FblNjoT ELLiFiLi B. 
OMPARIN6 ECJ,Cy)W.TH t(i.(«?,¥<?; OF StC l.l7 ( N( N4TL 

That P 01NS07 ELLiPioas hpj tnC Jp>ie sha f t p.< Tpr 
^LUftO'P OF iNftT.4 OF TNf PoiY R..T A 7»)FFTP f -NT 5IZt . 


18.144 


given ; 

POHLloT ELLlPSom And INUAMrtbLt 
PlAHE. DEFINED IN PROft. 10. IM3- 
SHOW THAT •• 

(a) TH-E ELuPfOip IS TANAENTTo THE. 

P’.AAf . 

(b) AS THE 60DT Moi/ES THE HnJSOT 

ELLIPSOIP FOLLSON FHf f»MAtlA*Lt RAUF 


we first detitr^ine the roLto>'mK. CONS.TAMTS: 

1=. lnvit‘= 1. up ( 0 .25” ft)* r ( I0.7SA i6 i ft l )i» 

I'r K*) = 2 [|(O.2ffr) l F(0 ) 7S«)‘jA« 

“(3H6.C7S X|0' 3 ft’) W ., 

c * A&- = ^ fi =■ -^ (0,7^ff)t Tbl.S/l* ft 

' FFl, *7E DETERMIN£ the CON5SAM75 /l, C(, At(L t 
Fr.lm £us. (2) anc(L /1 of Tit-c solutioa/ op PFoe>. is. /if 
rmd f«om r <i.($)0F rue foluiiom oppnoe. le. mo, 

USIM6 Trtf ftPPROPRiA Tl? iHtTiAL CON D I Tlo Ms. 

PROBLEM <&. )H< 

/i - I (Tr o ■=(/& 7 S'x/ 0 yM( 300 r 20 c«s Jo*) 

*(5,q'P ) )li)*h' -n , . .. 

A = rf 4 f/3 a*sfl fl »(JW.F7SX10 ;«i(Z0)3m 30 1 
*(?,<!* 17t>n cos 3o* r («. BS> 71>2) -m 

f r|[i'4/wp 0 +i'4 i+ + 4 ^ v*1 + **r cc t s 

[llHW67^XIO*')A».^0)Vi«V40f 
+ « (it,2)(SH,S XIO J jo«j 30° — (777 Oio^-TH 
■SlI&vt'Iute in EO.(2) OF PHoB. I8,IV0: 

(ii.ofl)- t,eet 8 B( 6 .Bdl 02 -S.1*17ia£o 

(*) SouiNfi; z:r O.TniSI 4 

("i) £t?.(5)»F P«0B. IB. /Jf: 

X- <y-|Ba>40 _ «.B«/02-x.9Vf7<(r05W.O irono 
^ • fsW • (JU.BiSX/oV.i^'Hl.di - ' 5 • 57w, r ^ /s 
FROM Cffl.fZ) •• . ^ £oie . - (/S.m^«S«.0* 

•f-r 20b rails j 4» r 15.87 r<*^/s -4| 

PRD&LtM |B, 1H 2 

7>-- 7ft T^,c»se 0 )“= (IW.7S>|0 5 >*1 (^00-*TcosJf^=(5;5if005>»l 

« - Ly’0,7 Acoi0 o r (3H.B7SxldX-N)Sii>‘}0*-t 

4 (w6Ws)«ce!,}0*r(‘<.'tbe27)'iM 

E ~ ? 51 "* +11 1 (% + + £> Cose 0 ‘t] + 1"|CWJ Bo 

r iU31L87Sxld , )*i(- | l/s;nJtf+OT f^ioos^l-i 

L l 1 .. IQ 7Cvirs* i 'JH J 

4.ort(J2,2)(Tb2-J V 10 > )col 30“ r gAO.-jiati 
51/QST/TUTP IN Fft (2) OF PROS. I0.IVO'. 

(U.76f-2b.W 7t)( 1 -X*) - 2,882e8(A. 1 «S877'5.%W5x)=0 
ca) 50L0.N&t t X - O. 3 7 I At ; <9„ v r<8, IfiJ ^ 

fl7«.(j-); <i> = r ,y yi2- ZSUQfM(ft.lti’.80S3S rail 

J?4 «)*. TVr(/3/l)- 4L*w6r7yc.j - j6. S0 33T-co5«./8'- MiMr.y 
^r=Wfre4/i‘ ) 4>xB.02cad/s <4 

cc) i kevcr ses for of-/ic«s0rO J oaQ-iMSi? 

1 J S. Si 003 


(a) AT THE tip of P> THE Dl?Ec 7 ioN oF THE HOLfirtL to rrtt 
EUIPJOID li THAI OF grad F’(45 a< i 3 j> »\) ) WhTPt f p tWi nc» 
THe LEFT-HAND MfMBrli 0 F Stf.(l4>0F PROB. I8.m3. FROM 
Sto, 13.7: Qrad F ; 2f t fj, H If k 


*22^0 4-21^+21 

= t(l^Fl^,J- 4 3^t)z£H o 


7H0S ; The ROMirtl To PoiHSoT £ LLI PSo/D /S PRRftLLtL 
TO tf 6 , IT FOLLOWS THAT 

Fb/VSOT £LU&OLD li PW6W7 TO THEAl'MPlAf’l.f FLAME ^ 

(CONTIMO cPj 
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crfiaf 


"cmi 


*18.144 continued 


(a) C i/RVE DESCRIED T* f' p 

of £? OlJ TIDINSOT EUIP50IP 
is PE FineP 8 V ' 

/,<4 + »X + " 2T “ < l > 

Zul + Ijw* + »M - Hi ~ cotu(»n» (2) 

' Af/D CAM THUS 0E (X>TA/NBD BY 
/NTERJec.HN 6 TH-r PaH)l)l ETUP50lI> 
w,th THTELUPSOID ©eVihTDXY® 

(b) ASSUMING 1J > Ij ( THE CURVE? ('CfiLLEP fOLHOPCS ) 

ojrftiNiD for various values of n 0 have the shape* 

Iruoit atcd ih P^uRii 

(c) THE BODY Cft^ ROTATE A0ouT A TiXPn AXIS ONLY 

I f Tf+AT AXIS COINCIDES WITH-(xut <>F THC PRirJuTOl AXES, 
THIS MSTIOH BElHfc STA01C IFTHE AXIS I*. THe A\**oV 
OR MlNtR A*IJ OF the POINSot ELLIPSOID (xof Z axis) 
and uUSTAfcLE IF IT IS THE iNTERUFDlATf fl*lj (£ AXli). 


THE FoinsoT Siuhjo/o, th p liXv a i? i A qlc T^lAnc 

RN9 THf-BOOV AND SPACE COMFJ ARE SNOWV e EUXO 

Toe case* a. and b : 

(a) l<l' Z|H 0 t t Z M (b)Z>f 

l^v/ PL* N I_I \ ? J*V Pt/Wf 


POtNSOt 

*(.L»P50«0 


/^>|N60-T 

^ll 1 D 


(&) EQ.ff) /N 5 tntcme»/t rxRRSSsEj c*.Nsr«u«TioN or 
EurROTJ TM is IS P&.OO OF TK.O&. rff.llfi. 

WE FW/e*PRESS TW7 The «acwi7uoe of fc|/i constant: 

h; «;♦*; , i>; f y^+ijV* w* 

Wl+ICI-f IS /r0> (t) Iff STAT? tABlJV' SINCE THC 
COORDINATES o^, 1 * 5 y, 0 ^ OT THE TiP OF Ip HOST 
satisfy £oth jfss.( 0 AA/p (2 ;, 7ne euevf sesctisEP 
B'fTnc TIP OF (p is TfYF IHJCHSIO ION oF THF TWO 
iFitl PSO/ DS. 

(6) WE yVOlU WAITE TH-e «*uATi»NS (F THE TX/fc 
fiupaoios /N THE STHHXJARP ToRM 

jS+gijL;, 
a 1 b* c' 

UHEBe -L, fc, c A^r THE SCm-AlTS OF T* C SLUPSt>it>. 
M/f AMv£ ... » 

FoR Poinsoi (L’./FioiO : ~ = / (3) 

^7/-^ ip) 

w,r »™« fw 

Slfl/cE WE ASSoHro THAT l k S2j>J t , */E 

ZV^27/ ljf <ZT/I t AffV 

7 htui, Fof 867H PUlP$oiSS / T«f •HIR|««I5 »i PiRrcrE 
Ai<wc thek axis, the intefhfdia yt Axis aloha the. 

Jf AX/S, Aajd the MAJOR AM 5 ALOHF thf « AXIS . 

* HOWEVER, BECAUSE THE 

RRTiD OF THE MAJOR TO 7H c 
Minor sEmiAxu 15 V^/I, 

FoR the Poinsot fuipsoid 
AND I^/T^ FoR the 3fCb*o 
ftLiPsoiP^ Tne 5 nape of 
J) THE 4rt T7ER Will «r 

more " pRowooncejj* 


second KL’JPSOID 


(continued) 


Given: 

RICHf> 80DT OF HRSlTRNRy SHAPC 
p.«p ITS PDHO01 eULiPSOip ^CF. 
PR 08 S. ili.mj AND ib.ith, 

show that: 


(b) THP"Poinsot t<—c/P50 id IS part of the Fopv 
M/HO se MOTIOM IS Stiff6 ANALYZES), AVP ITS FbfNT Of 
£OMTAC7 W'TH the INVHKlHtfC? PIAmE 15 Th t 
tip OF* THE VECTOR . 5lNff to DrFiNO THE 
INSTANTANEOUS h/IS OF ROTHT'aN, THE Point OF 
Contact Has zCRo i/ELOCiTh. 7H0S, the 
PF lMSOT eiuRSO'D POLLS OKI THE iNUpPlAflCe pt-AUe 
(uilTH ns CENTFR O RJFMAINIWG FlXEU). 

* 18.145 I given: 

Am5VmmEt^i(fl Cifiiii BodhsoppoRtto 
AT ITS MA55 CENTri? O A-HD CNfeJCctCDTo NO PORCC 
( excepr AT SDProR i 0). 

U*»iN6 the Results obtained in PRojss. I8,l‘<3-'^R. 

5 , H0WTHAT THe POINS07 ELLlPSO'O IS AN eUlPSo o 
OF REVOLUTION nwd the space AMD Rosy cowrs 
PCIH CiLO/LAR And TAN 6ENTT0 e ach othee. 
r^PTHgR SHOW THAT 

t&)TPe TWO coats are tanSent exTERNALiy AWD 

the PRECESSHFN is DiRec.T X < l’, 

WHERE 2 - MOM .OF INERTiU AB0i.*7 Axis or SYMMETRY 
X* s — - - t*amsuc«:e ax'4 / 

(fc)TH? space cone u inside The enpy cone aod 
the PCfctssio^ is, Rrn?ofc«Ape wheh r>l’. 


CmoOS,N 6 2 AlofJt- rue axis OF 5 YM K|C TC. /, »JE HAVP 

1^= Ij« I’And 1^=1. suB^Tinoe imtv (v)of Pie. IN3'. 

I'M * «y) + - cppo 1- - 

which is THE E0UA7I ON OF AM ELLiFSo'D QF REVOluTlOA l. 


ar 
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gwen: 

i>/5K or MSI 

uO ] = 0 c«A/i 

c^ l - J r#J/s^»sV»>0 

FiNi?: 


18.146 continued 


THE LARGEST ELLIPSOID OF THE SECOND TYPE TO BE IN 
CONTACT WITH THE POINSOT ELLIPSOID WILL BE OUTSIDE 
THAT ELLIPSOID AND TOUCH IT AT ITS POINTS OF 
INTERSECTION WITH THE x AXIS, AND THE SMALLEST WILL 
BE INSIDE THE POINSOT ELLIPSOID AND TOUCH IT AT ITS 
POINTS OF INTERSECTION WITH THE Z AXIS (SEE LEFT- 
HAND SKETCH) ALL ELLIPSOIDS OF THE SECOND TYPE 
COMPRISED BETWEEN THESE TWO WILL INTERSECT THE 
POINSOT ELLIPSOID ALONG THE POLHODES AS SHOWN IN 
THE RIGHT-HAND FIGURE 


a-(3 r mils) j. US IN 6 rRAMt Qxj 


h*±( rt$o 4 

W.r(a rj'l.25'0^ m%)k ^ 


PmnioT 

EUlPfOiJ) 




Tn/|) (. - >KMf, 

/ffttM- K«/SR"‘ie fib, 

ARE lV?i.pepT0 ONC- 

t^ikj) roiN7j 24-(a 
5H«FT A3 . 

:0- /flfl rpm (OeNjTAHT) 

F'*P~ 


NOTE THAT THE ELLIPSOID OF THE SECOND TYPE WHICH 
HAS THE SAME INTERMEDIATE AXIS AS THE POINSOT 
ELLIPSOID INTERSECTS THAT ELLIPSOID ALONG TWO 
ELLIPSES WHOSE PLANES CONTAIN THE y AXIS THESE 
CURVES ARE NOT POLHODES, SINCE THE TIP OF WILL 
NOT DESCRIBE THEM, BUT THEY SEPARATE THE POLHODES 
INTO FOUR GROUPS TWO GROUPS LOOP AROUND THE 
MINOR AXIS (x AXIS) AND THE OTHER TWO AROUND THE 
MAJOR AXIS (z AXIS). 


(!>) AiJ&lt THAT H ^ 

Forks with as. 

MOMZf'T Of wTCTIft 


(C) IF THE BODY IS SET TO SPIN ABOUT ONE OF THE 
PRINCIPAL AXES. THE POINSOT ELLIPSOID WILL REMAIN IN 
CONTACT WITH THE INVARIABLE PLANE AT THE SAME POINT 
(ON THE x. y. OR Z AXIS). THE ROTATION IS STEADY IN 
ANY OTHER CASE THE POINT OF CONTACT WILL BE 
LOCATED ON ONE OF THE POLHODES AND THE TIP OF w 
WILL START DESCRIBING THAT POLHODE, WHILE THE 
POINSOT ELLIPSOID ROLLS ON THE INVARIABLE PLANE. 


1 -A &KfwsC orSfu^ertY or 

^ CALM ClCM-ewt AfcjvTT rrt 

CENTSR- 

Vi 4 *Zj’v £(-lc)4K-c>^l-e>!?nbc 


A ROTATION ABOUT THE MINOR OR THE MAJOR AXIS (x OR 
z AXIS) IS STABLE IF THAT MOTION IS DISTURBED, THE TIP 
OF o> WILL MOVE TO A VERY SMALL POLHODE 
SURROUNDING THAT AXIS AND STAY CLOSE TO ITS 
ORIGINAL POSITION 


H * - 0. M8 ft• lb'}) F +< 1.090 -(io)] 4 (3.7F {tj>. # ^ 

(t>) Since Tt+e umit vector of AS is - fftouwJs 

lnHH --ilal:-0-B7039 

I Hal Jihtold' + ll luff A,5Z & 


ON THE OTHER HAND, A ROTATION ABOUT THE 
INTERMEDIATE AXIS (zAXIS) IS UNSTABLE ' IF THAT MOTION 
IS DISTURBED, THE TIP OF <o WILL MOVE TO ONE OF THE 
POLHODES LOCATED NEAR THAT AXIS AND START 
DESCRIBING IT, DEPARTING COMPLETELY FROM ITS 
ORIGINAL POSITION.AND CAUSING THE BODY TO TUMBLE 


&=■ 150, 5* ^ 
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Gl\/£N 


GIVEN 


Hov ot MAsjmv is hit at c 

IN NE&AnOE t J>iCkFCT I1>N. 

\KP0Lse--(F£>t) k . 
Fi*P l 

IMMEDIATELY AFTER IMPACT 

(0.) Avja.veuouTt' of *o.p, 
(.b) VELOCITY OF & . 


V'bK OF KA53 TTl SuPPttRTEDJP 
SAIL WJX> SCCKCT AT A ROTATES 
WlT+l CONSTANT CO ~ 00 o ^. 'OJHCK 
OBSTRUCTION 15 INTRODUCED 

AT fi. impact Perfectly Plastc. 

Ce-o). 

FIMJ7 I 

INMEPlPTFLy AF-Ttfi impact 
(cO ANGOLA* \ZEUSCrV OF 
Cb) Velocity OF G-. 


tftPuot-MOHE 


/MfplSC- OIPMeNToM PK i r-l C l PL 


LVE M>7? THAT f 


-(Ftst)k ^ ^ S’ 

(W&feA-T IS OMITTED, VHC.C MoHlMPOLtl'Il) 


EtfvJPiTC fMlHE.HTS AftoOT <31 

- | } * (- F &*)* e H*' + Uj j4^k 

j it Ft b <- = H, i ♦ Hj \ + ^ k 

THUS: Hj.-td.Ftt Hj - 0 H^r o 

fAt^IRNTS AUfc TRoSXJCTS OF INERTIA I 

V ■ w + * ? (£ * % * O = 015 * * 

v *?¥+*f(i *♦«%> 

v 4 7 *' * 7 J (£«.**?#♦» ? («+■£) - 

V 7fflfi)+ MX-friK'X-ih - 0 -»«* 

VWfhfftff)--*'*** 

J « ' ? f-f*-<0 *■ 2 fl-Y'A * 0.1 *14 


±vt *dtc 7Knr y r 10 0-5 

'a) eOUATC MOMENT* AfiOl/7 flB OF ALL v'Cctb^S **3> COOPlCS' 

2«- h 6 +0 ---%*• (-«j* *•?> 2^* 
k ft-iv i -^a-i) • [-*> f fc 

-•jnd’isJ. — i'JrIA , 'cJ , +-i ’•'dNd 


"A6 » “ 

(b) RECAICIN& THAT CO’x 

S'-1 i 


Gu/EM 


- 1 Dl6fC OF PR.06- 10 . 150 

Fin p: 

fclN(=TiC Ei-'Ksy LOST when £is* HITS o£i>T(tJCTibH 


V IA“I <3, -1 •■» » FAfr DJFcJ, + 0 . 3 ^ - O.lAt 

Hj 0 « -Q^ +ai ,: ^ fATS^* 

^ajiiJt. (1^ (j\ ( 5 ) SiMJUAWCOUJ'.'r'; 

co-|o£4f a- - llOM td.: 12 *£* 

*■' W »id <f @ fid. J 0 -tna. 

Thus: bi* (joi-lfj MOt) 


BCPflce //1 pact 


'o =t 

APTgft impact : 

T* k - &‘+ i Va ^‘ V 

£UT, PROM **JSVC-KS To PCtb. IB. ISO 

(i* h***' 

W - cO 1 + a). 1 - S^b (1 ■* 0 - ,*o 


d/t First note that the siveh cbV?traiwts Renwirt 

THAT ^--O- E6)0rt7lv/C, Tffe CoPl(>cHto/n OP /A|pi/CSt 

/Hvt mom e wtopi; 

% come : 0 jr Th -tr -o 

y tOMf.; Ttt r Vj!D Ttt =0 

3 COM (?.* - Fbt* «! V, - - 


TffrrtirPERE 


*ia/etic tweRgy lost 


-nacA 








G-tvcw: 

TRiAM&MlA* OFMASS *m 

\VClDEI> TO .SHAFT SuPpoRTCD Bv 
BEflViX&S *T ft flWD 5. 

Plate rotate at constamt 
RfrTe *3. 

F«Np; 

i>YeeocTio/vi ft t A 
AMD £> • 


&h/£t± 


Svtet T -ME HAi ComPoMCMT 
OF MASS -tn r 600£ . 
LENGTH Ab- I50n>m . 

^ CtMFovJewi at Ren wwn 

hST it 

APFLiep. 

/’Qf ^ find: f 

^ JMMftM'C RertCTwRS AT 

, r A AMD 8 

60.TUST AFrri? coufte * 
APPLlEP 

(i>) 0,65_LAT£i?_ 

IMoMENT AND PfbJXJCTS OF INERT,A 


COMPPTAT/ON Op IMO f*H/ ~i rti-IP Paoc-.Hi. gp- iMtt-T A 
Flich £M.K COt/S ft: 

(I.) s^i'A, Pi'f^.(V)A) & 

' Jf'AS'A /* ' * 'Mi VM!B fir 

(T) m ± \ g - Wj.’ 

(i jW 12 b n ( ^JT,' 6 

FROM JMMP-r PRefc . <7,6 (W6T W-5 «P T * Ti«») ' 

^L«' jR***' A 'A i ^6p)-5f‘ wW 


■u " ■? * 

TRIANGLE 1 : MASS 


F/?OM 8iKk coi/CR: 

flr i 


a j&uLMC /tomcnth /h Hq 

Smce >o x *o, A =*3,'^. = o, f/B,/3;y/PLP 

PV =» - r,..iA =■-4'# ±>*<4, M- X = H ,.-o 


Jfc' |oe 

PROM 5AMPLt PRoe.<f.6 (PA<C V850FSTA TK^ 


V* V ? S 1 " -- - * mi ' 

V {,♦!“'« *?(-‘X-£) ■£•»** 

Tg IrtM6Lc 5 : j5r JpF)MC.T«^ 5^MC Its rRMW&LE: t 
For etJ-riRz component.’ 


OF fhjflQil 

(ulFl6Hl I'M iTFFitj FOh, OYVAAIld tfHf Jiuwi 
FRAME «FRErcti*ut *5LJ ?• RotatET 
*TH artJaiNj . 

EQ.Oa.28): 

Z»-(h a ) 

ft s -A'AJy* " 

y =0 + w^.*H, 

■^■-4. Recall,N* (() *vi CchPoti^ ZM/. 

hj K ( 2* ir Bj A) r Y~ “>j t ^‘^i) 

-b B x fr+-h8 t i = 
r rciirr.tr th e uk/h '.to«wf. 

4. =• <3 


" S 36 ib 

A K/(rULFH AAOMgMTyiFI fj & 

EW£.f 15.7) WlTM *3**^ ~°i 5 

Ttfifi; H s --L nba)(-*■}*± P22A) 


fi?. fi».Z2^AMj)L5/M6(l): 

a -*%* ^(-?i+i+wO 


wl>LZ L ij 







18.153 continued 

WC RECALL TWE RSbOCTS OBTA'HCDI 

A, 8 j}»i(M') <*> 

* £ a £*.!>(« •***; C3> 

<* r/tfMj/lIwi’ ^ 

K/IW P»TA : r\'=a.W>H-m.i)\T6.6 hr0.07S»> : 

£6 (*Y. <Yr (d (toils)/! I ( 0 , <)( 0 . 57 J}= £f rati/,* 

U(i>: v i faWny** -*?) - to - (*) 

ft) (7); Ay * ^iXO'^'X 2 ’' 7 "^=(30+ 0.625^/0V (2^ 

^i) j~o&t aftes, ecu Per i; appl'C?; : } ., 

l*r T i*6 cO-O l* (J) * r, s(2') l A, ? ISxlO : iOjdOK 
7t*os: A-(l5,0OwK)i + (30.D‘iWl)_j 

^+BrO ) B = -(l5.00n%t>l)i-(^.OrN^j. 

(© PiFTtF O.^s ! 

LfTTlMfr Ur 0< t-r(2 H <Vf<Vs‘X0. 6®")= MWW^/s irtCi'jA"® (l ): 

\ m ( 15 - l,2S(l f.W)‘j/0'V --2Wm^ Aj=[30+W3(|if,w}]/flW/3?iafJ 

Tm6: A---(24V'»>^L + (l5^,6*'^)i 

IF=mas fi+B=0, *4 


18.155 


G'lVEtJ: 

10-lb Disk Rotates 
AT COMbTANT AiFTe 
CJ, » /? FoA/i. 

AR* A6C ROTATES 
ftT COi0i>TA*J7 R Alt 
cO ; = 5 rajft , 
FlNll?! 

t^ce-awpitsysreM 
RTPReV-yTiMfr THE 
MMMiC fi. cacti on 
AT SUPPORT A-. 


GNEhT 

RiH6 An^cH 1 : By cou-pe a-t a to 

VFRT'Crti. RoTA-Tirvt AT CorJ5- 

Taivt fl^Tf <u . 

Find : 

Co-)!T*>'n A'K-.e /S TAPT P^ANF OP 
RIN6 FORMS U/iTM VFCriCAl tyAFW 03s IlnAft. 
(b) MAX, VAiUf or <0 pus w«icm ft *0 . 


*\ . Aiy«yi-A< MON-Ewtum h 

u . I. ~ - ‘-6- 

USIA/6 THE PtiMC.IPAi.nFES Sx^* <U It* 
*■ PC , «<*e‘IS«t»V.n A To PlAWE OF tlM&l 

l|j] ***** . 

^ yj = .*it\osin(J \ + cos(S £ 

H 6 =<nt > <0(s-.ojSi + ^c»s^p (7, 

Elfi'JMiDriS oF mot loci 


FMA'.'LcI MliH*T/TUM OF A6&OT C. 

OS'*M> T*E f*i*KtPA'. cE'/TtoiCrtl. *F.E* 

Cx’jV: 

r ^ oO = ^ 4 *?, jf 

AA/&.yPLOClTV OF F6AMC Cx'jj'i'- 

7'*’ ^- = ^i 

y c = ^vk + 

- o on j t-£'W4. , U> | fc 

H = j. +Zti, jc) (l') 

R.AT-? Of CtVANAE O F 

EQ.(M.2Z) MS ob’-Jc- CO • 

H=(hO +il.xH =o+ A i Xx^X^iFZiAF) 
-C c c^-j. . - A io 4 o 


WITH Siyr^ DATA 


H r ' ■m^cO.oD. I 

-c * 


i 1 ,* t 3&«*)V<s»«0-Hk)l--(4fil5 AA/j 

Confer at iarJ_OF Tnl 

a; -ic^L = -(t.S-f-tpmdhfi - ftfs’)± 
W 5 .- (-37.5 Hfr)l r - CIf. 6 ¥6 /fc)i 

rffjrtT ioiVS (JF MfT.cW 


4frj A . EQXiB.u') Ao« wsiMfr O)’. 

^6 rV^ *‘ a " s 

f & =0+cOxa 4 ^ 

_ - . . - ■?n4 , a0 , (isi''''4co'./i -Sinflcoi/lyfe 

|U s «Sj5 

ESumiriG Noneo-PS A60U7 A'. 

Wfts;4Ac#>(t,sin(l)^ l (iu>tfi) +■ jr«i*b % &inftco»ft 

9 =U>\cot,Ai i 00*00 c.oj/3 

cv' 4^ « 

(fl)Ce7TlH(J^-3f.: Ff/i‘ UraJ/a 

P- 53 '*' ^ 

(J»> foLl/IVC. f*M (2) Fc« <0*A«/l> LKTTirH 0*32,Utft*, 
t* 6,IS It, ft s 0 I 

^'^--tSS- 05 '® 7 rf=fi27m4 ^ ^ 


j i- ■*• 

r -(tl.tli /i)i 

s ^=^vw- 

^ ; H f(ii j.)x.-ma. 

= <9,11 \Slb.H)i 4 [(/.F«)j ♦• (0.7s (-IUUIL)} 

=<?,TMJ/fc fOi + ^.73H 

Forcf-coofle ivsTCM m A‘. 

S.r-(lU5^i; M*r(j,f;t(E73Mjfc ^ 
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3 - f«! DlbK OF 150-nMn 
Smf'.'IT?? A"n«c;w«‘ I oR<y> 
Supported 6V Boil And 
S oticd /ir A, 

4’-36>'p*i AS SMovJrl 


= (1-1 M S'.' 5 *£046 i f (Ton 0 +Is> n'ei)6 ^ j. Yllo,Jr ( ( 
Rfrtg OF CaaiuSE op |4^ 

We MOT? T*A7 <£, AND ui A arc CONSTANT, guTT«AT 0 

IS ^ p v*JclloN Of t OllTH DFPtWtFfl/E »r <0, 


-c'- (y*w + - x £ (^’K 

4 2 (I-T)t> t jiotfosiO Of +<^j.x Hl-Z'^b 
4 (Im 4 7 0 +J4i'l' 2 


i/f/VDrt7A: R.SBX/O*^.*)* 

:’a (30/ lO^X 101»)-~.f.00 KIO*fam* 
to r*d/s ( O t - 0,25met/,, & -to', 76= no° 

I + /.3 tec} IZtt)/0 L (o.2I>Xo.t5)l t(/.32 *» IZO-),0 L (o.1o)(VS)i- 

fUlZsm Iio')ib i (o, 7S) x fi 

ti = (in,00x.ii?t4 "\)i i(52IStixftiH'wli 


(p.) FoKCZS exerted 
T on arJczmfit-foK 
AT /t AND B, 

(A)Couplc M.fr 

A p PU Ed TO ccNCEh - 

TXfinOft AT THrt7 

IA/STHNT. 


kNGVCAR a-Bomfn root ABaor 5- 


Uil(V&7ne PRINCIPAL AYES 

g . 


(d =-a),Cas0, A.-'RJ-aB, A = &/ 
/ a-* /^s. *■ ‘ Z * 

\ CKT\ 

\TSj M : -j'eOjCadl'-t t 

x> AMER; l*fn\ fiHDl'=in~k''‘ 

W'E aA 0«*> RETURN TO TMC RCFfREiUCc FRAME Gjlijj- 
ATTAC/t£> T(,7HC 5TCCL FfiArir<doe«r(JI = p5 2 j). 

=■ -i'o} <**. 6(i s.Vto -> aise)7 ii^/"i0(f«seysi'oB)fi , ,o / if 


\ i A>K ustufr the praise (With -t« 

Yk VI J* *\3o* ^ A/iS Pou mU6 TO»J«: US), pvND 

NtfTlUfc Xurtl Tt+E n m/ty 

^ \ £*?. (<0 *3) Y iev.tD6 

* \ \ = -2 X H a ( i) 

\ WHUE 

1 r0,6 WO.oTSi. = I L + J v LJ R 

\ -4 s " l7 - ‘** e, ' r| / 1 )i +7CV+«f®*^)i 

-—^ And 2L s~ <^,Sih/il 4 ej> Co*/3 t 

.7T *- | THus; s/AAV^i^^jk] 

W a-rT’4/T-T , V«7«1»A,v:-#-/7_T’J/,\A S.iiAOA-l/r-l’liASMiJflC I , %t • ~ .. ' / . ■ 

Z^-[l fr++c**p) -1 '+C4*P) +S,„p J. (z ) 

®UT Y A6/-»i^K = -(k H- 0 X]£ (-Si*<r u>sfi£) 

s'-wCavt/i i u) 

to, - O.LO ™<V4 , = p,4 5/u^/!,, 6* - 60 , X6= no |£(JuATIN 6 T/ff J?,H, At fMOrA.' 0 F (2) AND,(2>I 

[l(i r +j>u>sfl- <?i(« yj.r "try ^ o.oyS 

- /,') I ''i r =■ 4> cosy*. - r^) 

FfJtiftl ii,WS rtF MOTioa/ I • 1 + 


to, = o,w not/s t to,. - O, ii mtt/f, 6=0 O, X6 = HO 


JUftT iQbli pF AIOTiua/ 

-w/i i h : 




U57.I5BXIO r4w)^ 


TkM GW i/m : 2 e f"'S-r(itft.0.D75mt =5MZ>,o 

l'**»(C+ %)‘tj(o,ifi i (imt]--o, 7 ZZ71 , 1^7^ 1,7.5 
j> =- }6 rpm=- l.lfT r*tl/i' fh *3(3 


-(£.'• 1 '* Vto*N "Ois 




■ ,k " tVHT R r IV* r(?f y i W-i/**) * TTVJ V /O'W 

(COMT'W 


- - - (t.usmt-y-m) 

- "Y/027 + J3 = (30, 

■f"- / 32G rpm 


18.156 continued 


(3Zm)Aj - (ZZmjAj j + + *, ?" 

r(in M o^»ij i 4 (57. /tt*>o\ +)J -Q5.7X* <I0 3 A m)K 
ff«UATlnt coefT. OF FMe Unit VECTORS! 

|T\-{32 -f(T4m)(l < 7!h3X/D ) V) = IHJtio N m , 

W ' Ap 'W.WX/D ^ 

3)(3int^A^= 57./5B*ioMm \ = /./W2x/o*V 

'k) 0^=-35, 72¥ x/o J aJ-b 

Aa) Forces at A avd g> 

A= + Ar(/,7®< k.hl)i>+0 ¥5,5kh 9i ^ 

? F=- ma=.0 t A + 6-W^=0 
B-ttirSk*/)} * (/.784tVJ_i - (lH3S*tJ)Ji 

i = -(/.78t *B06 4(»S>.8fe«)j ^ 

Cb )CO(j?LF M ^k 

N t k-x-(3S, 7W x/oV-m)F M kr*-(3 SJ ld‘in)k 


ioiftR- ENfRfir covcEr- 
TRATOR : or? r 30 ^ 

«A DU OF <5VR ATioM 

rtBovr Cm £= 12 * 

ABOUT A®.' R’s- lot) 

CO f r 0.20 1 'aJ/i (coiiskot) 
to,* O.ZSrvdJs 

FoK B=(,o\ 
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18.158 Gyg* ■' 

- _ GPROCoM RaS 5 CONSIST) Ntf OF KoTb? 

.SPl NNlNg AfaJT AM5 

«OOWrtD IN 6 mm (. I^OTATlNf 
FRfzly Aeao r i/prt/ou «E . 

0 -AN6LE FORMEP ai'W’f 
AOTOI? A»tp MTKIWAH NS. 

* ^ - LATITUDE =M<LtWHtB 

ey VS aadwnc oc parallel to 
SAF.TH Axis 

£> e « awc. vELoenr 0FiA*vnt 

h&c'T iTt Am* 

that 

(a.) TUZ 2«oA7l»Ni OF WiTtl«N of THC g rROCTJM f*US AKZ 

I'O* lto,to. cos A sin 9 - I w’ cos‘ A sin 9cos 9 » 0 
fiu, « 0 

Vtitfte - RecrflV<wi./i PCoMiRawevr jt>taian* •/mumr 

*3 AL0W& A/IJ, 0F JF0TOIP 

b) riEOiXcnno TTahs in Id* Avj> FhesHAa Urtn/FSOFOj 

i + ja y* t , 0 

^Wfl A/lj of RoTfce »CCrU|llEJ rt& 00 TTi*-E UNE V.5 . 


ANNULAR IAOKBNTOMs A Boo 7 Q . 
c |$ WE rn-etT A Tcahc OF irtretE" c? 

<^'K\ joj- °*<y 4 ATTACNffO ro r*e 

>K THE AVS- 1 /euxiryoF OX'tf-NtTH 

■V_ i.r\\ _5 SK.PECT TO A NEWTONIAN rCAME ;s 

^ S * 3 *^' 4 ^ i 

r^s ^ V vn-eR? 

jf * -CoS/) Sill# i Cos^ cobOfc 

THUS': S -• ‘4 c «^ 5 " ,t, i + (fi+‘ , C 5in ^i +^coi> cw0£ (|) 
TRe a-i/p. yftoc/Ty £> of thf notok h oKT.i, vt0 ai' 

AO) IVA ITS jr/v $-* TO 2L. JgTTiNiy f-F W, COS Tltti® =■<*>,. 

«/» Wrtve . 

tO- _(^cov A All' tl i. 4 +s«> f ti’rt >) 4 A <Jp A (£J 

TKE AVf .momentum of Tnl t-oTIK IS 

V/htkt 1,-Iy * I 1 AVD I i - I ^ RECAiuM6(i)WE vfnr 

ff^ * ~l ' M e co i ^ Sin 6 i + I (f t S<n?)j +I<0 t (j) 

Equations of notion 

E<g.(l»,t8): ?y D - (»X 3 S - X ' 0 oe ' FKDM(l ^ ( ^ : 

=-I «),CesA cosd 9 * +l' £ j f 2 <j. A f- 

”0 • * j , *■ .** 

f » i 

+ -cOjCtO^Oii'9 0 + i^ e S'nA *i<yi?cci,p Oi) 

IVE IfieRVE Vl'*»T »rtf Ro^oR 'S FuEE TO SP|V ABOi/I 
THE i AfUj AVJJ F«t c To Rotate AIiOUT THE’^j 
THEFEFofL THE f ANX »• c«sMFb)/rMTi OP £ M rtt/ST 

Be tffio. n follows that r*e coiffic~e°is 
OF j AND M irl the a, 14. M 1 £mD£R OP eW.fH) Mosr 
fru>0 BE ZERO. 

^CoiJtimv^ed) 


18.158 continued 


5CTTIHG THE COtTP. PF / \M Or 

5Q.C») ffeofrt TO 2?RO'~ 
jr'i’ 4- C«J? *i'n#Y<^ e cos/lcistS^* 

-(- ««^ wo/I sini) lM t - 0 
I' d trHiOgCOi^sioB-l'so^cos^sioSeojftsO ◄ 

Co.f.-d.) 

5 ptt/V 6 r#ecorrr. of k e«?uFi t zero'* 

TfS, +(-rf f cp»^ii-o9) T(6h tJ t s(n%) - 

- (-1 U e C*s3 «in TO^nTi) = O 
<jeSE^v«V6 7AA-1 T*-f LAfT TWO TCRMi CAVCei- 
Oi/T Wf N ,.v ^ 

* T/.i (Q.E.Di) ^ 


Oi/7 Wf . ,.s ^ 

1^=0 ca.^o.^ ^ 

ffc^ <7 PoUoVi Won !?a. ^6) TJ4A7 

{jj» constant (7^ 

RewAirr irM.Cf) as tvllo\»js\ 

I’d *■ ^r0 4 -r’<0 e c*tA ui6)ii c ceS^fi'nt-0 

1 t py/oewr that c*), >» <^ e . we caw 7*MrR>»c 
A/HEOfCT THf SECoNB TERM W we fYl*tWf>fl<5 

rpf JsOj t0.co5>*<‘*T» = o 

0 + I^<0. C«s.> s ,oe = 0 fel 

2r 

Wmtpc Tar cocrnop/r of ^ir> P /s a co<vs 7 *>vT 
7WE Rotor, t arFErotf, oscillAtcs About thc 
Limp NS A< A 3i«Ftt PT«J>utOWl. 

FfeR .JNAU. OSCitlJTTioWS, *,Vi 0 * B, ^VJ> E» (B> 

Y ei ^ d +■ Z 10 ^ g* aa 5 -0 C®t j>.)(9) ^ 

f r 0/s TMP PSlA7i»kI of SmPL? HARHDfllC 

NOTION UllTli Pff«l0C> 

*? = t/— ^ - ('0) 

V Jt^fc^cosS 

5/ncC ITS ROToR 0SCILLA7CS about THe llNt WS, 
T*rf ffYKOCoHPASS CAN fcp osfX) To J>r ft R M 1 Vt 
tre xttKECTi ow of rwMT L/wr. i</e smoolo VoTe, 
Hon/tycE That r 0 K UAiuEs op 7 CLosT To RO'aE-Sb* 
T#C PfRitt* tf ofCllL A TtON Be CDHfl i/fR7 AAR 6*1 
fiuji T«? LlWe ABOUT WM«H THE fforOfi pif ILtATpl 

(-PtAjcT et J>ET?cn,wt3’. twc cy«oa<4 pha**, 

Tl+E( erisf t ( C0WMO1 BT usti IN THC flDlAB 

te<SlDNS. 
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18 .Cl 



QNT.H- 

Fl&uF r shonn Majs of 
U/IRf WSI4HIN6 ^ 02/rr 
/s scape* s>ep Pto* 
^oC$ *8- /«FVUC 
FAt = (0.5 - /6-s)^ /5 
APPLIED Mr = 

F'^_P i?'.MZ!>t»n'-'/ 

': fl'rreie impact, ro* v^tus* 
^ t^om o t* iytf 
cn 

Ca_)VEcocrrr c/= 6-, 

velocity' 


AMhly si $ 

Cc7 W’s M#S$ ff* UNIT LENGTH 
2d = LENGTH 0* Roi M3 
t, - R A3>|V/S OF ?*<" f*lNb 

COMPciT All oN OF M A YS £ 5 ' 

A-5; :«<!•«' 


/ I I’T'l U'T f 'V C_ rN i i r l - 

* B: ^' (/ A/}^ 4 ‘ c^ =D , 

Pach Rim6-: ^ 


A 5: ^, 0 :?«•»! > (0 

Each Ri«(r\ >*1^ = ZTn*i' (i) 

£N7lte PlS-vQF: 1>1 fiO 

A10MENT5 OF /Nzmifti 

Paoh^inS-: r ^ wi, -*», ( ^i-'l<£) (& 

(Wn* i>i K i l t«> /l i l ~2«i n t’' U>) 

C^i>)r = 7 *’ R te W) = 

ENTtez Fi&uat : 

“i" ' * ^A? » 2 ^V* ’ ■* a ^«'jU f ' f ^A ^ 

VKO&xTi of //VET7i ^ j 

T//f w/cy nmj-zzro Mojioct: op /a/Pctia (T^) r 

* A> tf®3 

/MPuts.E- Momentum priNOPlI'. 

EQUATING IMPULSE AA/T\ MoMEW 7(.'M fl-FrtlC imPPcT 

Fat = my: (FLk)j,~^^ 

V - EM i (Fok nu. muts of fl) //o) 

— Pi - 

ZUuMistC, honrur of /MPULtC />Bout 5 AtfD anGolM 

f|£/|E»/TUM # fi APTfK |M(p<7 (^Vorf Ti«AT 7«eCf /«, 

Mi JMP'.aSnfi ra;F e/cmi f) 

r ^ ** (l -cob 0)^ * f £ 6lh t* k j X 

- “ i FAt iir®i ft Fat (/-o»i#)k 
TMui' H i --tF&t*t'<9, Uj-O, H l ?tFLt-(/-co!>b') (It) 

VSifilG- £tyS- ( '0.7) AcMUitffr THAT IjfZg/ 0 1 

3»Aj~ £,,•%* (ll) 

'V' +i /j = 5 cl3) 

VA -- % (i*) 


18.Cl continued 


SOL^lNb T.RS. C H) MD (_lS) SiMULTA WfyUSi.r' FoH AV® 

f RND F61. (IH) FO* *> it iVE OfcTAiW 

^--kr^ i/ os) 

^- z 4 ' i? 3 ? * 

Oc.irf.iMe 0^ PPOg-RAM 

P,*-- L ^fff a ~'| ^ t-^ 

Compute , «t^ , a*j> *n FtoH eq^ Ci), (2 } a nj>0) 
compi/tc Cr x )^ ff from et/s. Ct) 

CoHfVTE CX a ) R( ^, rR^eosYT-Hn^^ 

COMPUTE I t , AMD FUOH E6l$.(ff) and 2 X1 PWH.tf) 

Cu-lPurC & — T£*t/*l Arts FRiWT 
FOK 6=0 70 0 - lUo'AriS US1K6 ld‘ IHCRcHENTi! 

CALCULATE Ai x AfJP Hj FfoM ?a£..(7/1 
C a l col ate y f and cO, ews.(/5) and tahulpiTF. 

FR06K*f\ OUTPUT 


Velocity at masa center 
vbar - 79.07 ft/8 (directed upward) 


Theta 

(Omega)x 

• ( in- j 1 1 > 

(Omega)z 

degrees 

rad/s 

rad/s 

rad/s 

0.00 

0.00 

0.00 

0.00 

10.00 

-54.08 

18.29 

1.01 

20.00 

-100.10 

36.03 

7.18 

30.00 

-158.03 

52.68 

15.94 

40.00 

•203.16 

67.72 

27.04 

50.00 

-242.12 

80.71 

42.50 

60.00 

-273.72 

91.24 

59.49 

70.00 

-297.00 

99.00 

78.29 

80.00 

•311.26 

103.75 

98.33 

90.00 

•316.06 

105.35 

118.99 

100.00 

-311.26 

103.75 

139.65 

110.00 

-297.00 

99.00 

159.68 

120.00 

-273.72 

91.24 

178.48 

130.00 

-242.12 

80.71 

195.47 

140.00 

-203.16 

67.72 

210.14 

150.00 

-158.03 

52.60 

222.03 

160.00 

-108.10 

36.03 

230.80 

170.00 

-54.88 

18.29 

236.17 

160.00 

0.00 

-0.00 

237.97 


(CoAniuoep) 





TO RCIHurf 4WG, 1/eLOClTf TO 7CR(* )+MJ> Rff tfCb LOMb 
£PiCH OF TT+PM SHOULD Jt ACTIVATED , ASSUMING 
|(a.) iD -(O.OfO rad/s) i +-( 0,060 rad/+) k j ks lb Pkoff. Iff, 3 ^ 

(.$(+?* (0,060 ndk)i - ( 0 . 0*0 Fad/s)K , A* ib PRot. 18.3*, 
(o'! : (0 ,060 rad/iji + (0020 rad/*) fr , 

(d) t£ - -(o.06orad/dl -(o.ozonud/})!*.' 



G tW . 

PROSE Wl TH 'm=25DOkj, 

kjZ. O.JBm, *TyS f.Ofcm, k f - I.Diai, 

500 -H Maim thruster € ; 
2i3-rV thrust cfi} r\,8,c,z> 
CH* e*PEi Fufl iNy KieftfiiW. 
PROBE HRS HM6. VELOCITY 

eO s u 3 jl I + tD f k 


FlHP WHICH TWO OF T<*E ?0-H THRUSPEE5 SPOOLS ffE US 6l> 


AlJ/UYSlS 


/V/T/Hl *k 6 , Momentum 
H 


(.0 



s J cO £ «♦• 0 + 7 cO. fc - in k *) i 4 <m k 
Thus * Ar^ f/j^o 
AW&UirtR /MPULSt OF TWO 20 -N THRUSTCFJ,* 

CE7 OS ASSUME THAT A AVC 8 
ARE ACTIVATED. 

AMS. impulse a eovT <> 

: Fir B x(-FAt s ^j 

= (-0,?a£ + l,207ltf/t)A(-F6^)g4 
V (0,5a It 1.20714 ’ 

Awe, »IP . - I*ton a. F(ot fl + ot g )L + o,ra.F(ot'- 6t 8 )R ( 2 ) 

/ 6(Pt/CSE-616/1 EWTuM PRiHOP. s 

WF MUST ItiWff H. T OMA.iMP. - O 

- - 

OR, USl«V& CoM^D^VTi i 

H A 4 1.20714 F(A ^4 0^ = 0 4V 0V-77^F 

SOLVlHC, THESE F&UATioHi JMH«LTA (HrOUSUy ; 

a* _ h k r\t - n,-aHiW> h k 

cuF - ' *' cir 

IF & tf i > 0 , HSS'.'»lf Ta«/ /0 CKC-CT, A JHtiuiD 5 = 

IF &* A <0, 's wc«ot ■ £ should f * ih*x- «m> 

Aniv*7fo FfS' A6 & - /.'-*> I. 

.SIMILARLY, IF o, B <H0UtL eE u«i, AMP /F Ot E ^Q 

D SHOULD 6 E USED W™ 

OUTLINE OF PFL Ofe- HAM 


(3) 


£ 6 /i er Pa-rt: a, t>, c, or d 

ewt^j} on r 2500 0.*i8 •>', k t : 1.02 m 

EVTer a= /.2m' P: 20M 
EN7c>? VALUFS OF A,tD «->* 

Compute h x and r J0R< cos.(i') 

COMPUTE At A AHA FK&M EQi (5) 

IF A-tflXo, rKI* T At A ; IF WOT, PR'NT 

(F bt t >0, r*W At ei /F//&T PR\HT Afcjj =l&t e l 
PKOGR hm output 

(a) Cl>,*OB; : 6 . 160 s yCil- FH.gi+Ss 

(b~) A AM; Atfti/.8V?J : 4,821 * 

(c) CAn 0 D; M- r4,G5Fj; itjj-aa/ffa j 

(di ^ ^ MC B-, at*: h.^5;a4- 


I 



|F7i4^ 


18.C3 

- A couple 6^(403 l6.H)t 

“ ... IB applied Alt-=o -to 

P'- k6 in 

Bln tn-lt AiSeMBl/(|F3MOr 

.H (MUMIHUMOP UWIPoEh 

D f THlCfc:,rtis 

s' ‘ n> . (O') COMPOHCtlU RidH& Tut 

«nSIPE#F '■ R. 0 T 8 TIH 6 ^ AhB£ AYES 

SCUA2E 8ta ^ 0 f THtpTKAM'C RERt- 

TioMSATA ANp fe FROM t = QT0t*2s AT 0.1 J IH 1 ?I&*LS , 

(b) THE time (WITH 3 SliUlPicANT F/60R»3)AT W#|fH THE 
f COMPOMCHTJ OFTMtse R?ACT»C>HS ARC POUAl TORERO. 


A.6/ALY5 15 


U/F compute the Moment ha id product; of inCRt.a bi 
THE A56EM8H •/• TH REJECT TO THC CewTRoiPHc HxCt 
2>zg‘i'. I VE FlFJTCOHPl/H THrMi»|fNT A-M» PROOUCTS OpAPCRj 
fbr each soioarc ; ^ j a*, (2^.- 0 

For each TmWMf.fn^a’ , ■ 0 


'-RI'Vm. 2- 

IfOR EUTlSf AiSfM BlT •■ 


u sy J i**rB-6 / 2" 1 « y « 

the hasj Mefi»*//4 »/d F^ct-nn op iheet.a hot tSr+ivn 8t 

MULTI n.T(HSTHTSE EXPRESSIONS BTTHlfHAjS »W OF THE 

ASJF«»LV AUi or m /»'<« /J f&.u|U TV 3a*: 

I = 4*14, !'-£"£ C 1 


SETnuS 4^-A), cAjTiOjSO /H FVS (m.y), sjl 

W\ V-^- 40 ' V'^r" 


*' ^<6 V- 

ZH . . . 

/M,i-//aixrAj; + /i / fc) = .^ 

Al # i -HO^ fc+ ~l/b(i T (I '("tj, 

F&vfiVbo Tbe cotrr. tprutomr vicious* 

(D 'V^a of--a/i A 

F««m which We o5t*'M eO-0<fc 

® A t z (I Ai .F>‘- 2y,<x)A* 

® v J / M 

ZF:?(Flu = 0: A + S = o 


CCOMTtlJOED) 
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18.C3 continued 


18.C4 » 

- 150 mm J >/ 5 ^:«; 2 . y < g , trgO ">- 

t>* *ft*r*b * T t*o W 

150 mm Jt£.«C*S€» AT Rftrt Of 

D l 15 rail/s': A7t*0'*£*0 

Aft® c«*>»Ll M^(0.5N'n)k 

IKp ' m. n n true d to ,*Mr; Dei. 

^' J '- (a) CoMftswtWTS Aoooi#- 

THt RorATiW* A AMl^j A*Ff PF rmPT^A^'C RrAOiwPJ *T 
D ArVD £ fRo«t=0 TO *=■♦.> AT 0.2-5 /fJ T?f\/Ht5 ( 

(WTtm Trwci t l AA/ot^ (Vit* J siiwiFtfAwT pmoiieO 

AT k/M(CA r AN.Pt ARE RESPECT iU*iy Ewurtl Tl? ZtCo. 


1) Ca/TE* AV^r O.Oilb-ftj Wr ?,7 /b, «.= 0. ? f t 
COMPUTE /»n = W/32.2 
Cor.p^E r x , 2^,, 2 xt> from €05.(0 

COMPOTE oc From 15. (2) 

For t = o to t - 23 at 0 . i-j »Nre#\wnij 

Compute «o F « oM ea ( 3 ) 

ConPoTf A h t ,B 9 , B t r«PM ca$'t«),C<3), ***(£> 

&N& T ft hU L *1E Vb t 




’PKQGk M\ OUTPUT 


0.00000 

0.10000 

0.20000 

0.30000 
0.40000 
0.50000 
0.60000 
0.70000 
0.80000 
0.90000 
1.00000 
1 .10000 
1.20000 
1.30000 
1 40000 
1 50000 
1.60000 
1.70000 
1.80000 
1.90000 
2.00000 


- 0.00750 
- 0.00796 
- 0.00935 
- 0.01167 
- 0.01492 
- 0.01909 
- 0.02419 
- 0.03022 
- 0.03718 
- 0.04506 
- 0.05387 
- 0.06361 
• 0.07427 
- 0.06586 
■ 0.09838 
0.11103 
- 0.12620 
0.14150 
0 15773 
0.17409 
0.19297 


0.00900 
0.00061 
0.00745 
0.00552 
0.00282 
- 0.00066 
- 0.00491 
- 0.00993 
- 0.01573 
- 0.02230 
0.02964 
- 0.03775 
- 0.04664 
0.05630 
0.06673 
0.07794 
0.08992 
0.10267 
0.11619 
0.13049 
0.14556 


0.00750 

0.00796 

0.00935 

0.01167 

0.01492 

0.01909 

0.02419 

0.03022 

0.03718 

0.04506 

0.05387 

0.06361 

0.07427 

0.08586 

0.09038 

0.11183 

0.12620 

0.14150 

0.15773 

0.17489 

0.19297 


- 0.00900 

- 0.00861 

- 0.00745 

0.00552 

- 0.00282 

0.00066 

0.00491 

0.00993 

0.01573 

0.02230 

0.02964 

0.03775 

0.04664 

0.05630 

0.06673 

0.07794 

0.08992 

0.10267 

0.11619 

0.13049 

0.14556 






#w 1 i 3 | i 3 j i » 


d*g)j. T*ij>^ f T Urtdfjq OfJnQjr 

Equate the Coctt oF the umt /ccTor* ; 

® VsTjnte) « 

j> W 

i) 1 1 ", "f *• M K +th cO/j W 

Z F-Z(f) t }y 2+«*«l 

EUUA7E r«e COFrF. HF TAP U*/IT PEcTo«» ■ 

(£> J>, r-»l -«/*)/■)-i, (6) 

( J ) r -M (rfoj * A tJ,*J - ^ (- 7 ) 

we tK«U eftuM TR C S/v/E^PATA THAT 
TTI * A.5 y t r 0,003), b r 0.15»n, dr O.lZiA, h; 0,06m /q\ 
(J.5a/-i*i tO 0 :60md/i <V ( =- iS’mi/i 

to>v nt>vz fFA7 AT time fc 

CO , r - AJ 0 + c (?) 

_ (Ccxutik/ueJ>) 


0.40000 

0.41000 

0.42000 

0.43000 

0.44000 

0.45000 

0.46000 

0.47000 

0.48000 

0.49000 

0.50000 


• 0.01492 
0 01529 
0.01560 
0 01607 
0 01648 
0.01689 
0.01731 
0.01774 
0.01818 
0.01863 
0.01909 


0.00282 
0.00250 
0.00218 
0.00186 
0.00152 
0.00118 
0.00082 
0.00046 
0.00010 
0.00020 
0.00066 


0.01492 

0.01529 

0.01568 

0.01607 

0.01648 

0.01689 

0.01731 

0.01774 

0.01816 

0.01863 

0.01909 


- 0.00282 
- 0.00250 
• 0.00218 
0.00186 
• 0.00152 
0.00118 
0.00082 
0 00046 
0.00010 
0.00028 
0.00066 


0.48000 
0.48100 
0 40200 
0.48300 
0.48400 
0.48500 
0.48600 
0.48700 
0.48800 
0.48900 
0.49000 


- 0.01818 

- 0.01823 

0.01827 

0.01832 

0.01836 

0.01841 

0.01645 

0.01850 

0.01854 

0.01859 

0.01863 


0.00010 

0.00006 

0.00002 

0.00001 

0.00005 

0.00009 

0.00013 

0.00016 

0.00020 

0.00024 

0.00028 


0.01818 
0.01823 
0.01827 
0.01832 
0 01036 
0.01641 
0.01645 
0.01050 
0.01854 
0.01859 
0.01863 


• 0.00010 

• 0.00006 

0.00002 

0.00001 

0.00005 

0.00009 

0.00013 

0.00016 

0.00020 

0.00024 

0.00028 
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18.C4 continued 


18.C5 


18.C5 , hj< 

^/SK" w/ElbFcto «oo ac <jr 

cow*yet-rn> 

■*^5^ flPtft.fWS TP JHA rT AS. 

1 *po A*£ PLKSFCEE TOifcTATC 

A60UT AC j 3m pT *■& TO* 

C.Y" \ To <2olftie VrKT&L W)i. 

\ lA r -'“™ WIT(Aul/, 0=0 o ,B=O, «*=4 0 

360 mm 

(&) minimum ^*tue or a 

.PuRlNCr EH$U||V& KOTIOl/ 

amp time feooiCto rwe B To 

RETURN TO 0„ (PTEiOP). 

(t)MS.\/EL.4> FOR wvwrs pf (JFSo^^to^ ustu$ iVMcnrwevrs 
CotJ&istl, 5ucf£«Sn^iy rw-e /nota-l gdndi7i''N5 


QUTLlHE Of PRo&RftH 


(O) eWTtR Pfflft SHOWN IN (.ej ON PREVIOUS pftse 
COMPUTE OCj, TR.OM rvi. (.S') 

FOR fc*0 TO t • 4$ AT 0.2-3 INTERVALS 
COMPUTC o0| AMD FROM £WS.(9.) 

COMPUTE E^A-NP FROM eui. COANp(y) 

COMPUTE D^AMPPj. PROM EQ*. (£") Ar/D (7) 

MV TA0UL4TP \/V fc. 

(fc) to tt/vd tmf Tim e fc, AT WHUH e* e t), 

PETER.H llVf 0y INSPECTION TiIFTWF INTERVAL. 
11/ WHN7T £* CWN6E5 S)6N Aft/o iRoiv THE 
Pl?0FRAM tfi/EK TWAt INTERVAL , US IN £ O,0)-t 
INCREMENT* . RFPEDT 7-Nfi «RuCEBUI?£ i/SlNS 


O.OOI-t /MCRFMEWTf SELECT FOR 1 1 THE TIM* 
R-T WHICH l£ z I IS -SMAtlCiT. 

A S/MiLAR P«4CMi/0.f IS Ujro To .IjrrrCNiNE 


the THWC t, FT 

time* Ey 

-o< 


PROGRAM 

OUTPUT 

• 




t 

Dx 

Dy 

Ex 

e y 


(■) 

(N) 

(H) 

(N) 

(N) 


0.0000 

0.3653 

1.5306 

1.1653 

1.5306 


0.2000 

-0.2594 

4.9450 

0.5406 

-1.2591 


0.4000 

-2.1337 

8.6576 

-1.3337 

-3.0975 


0.6000 

-5.2574 

12.6685 

-4.4574 

-3.9846 


0 8000 

-9.6305 

16.9775 

-8.8305 

-3.9204 


1.0000 

-15.2532 

21.5848 

•14.4532 

-2.9050 


1.2000 

-22.1253 

264902 

-21.3253 

-0.9384 


1.4000 

-30.2469 

31.6939 

-29.4469 

1.9796 


1.6000 

-39.6181 

37.1958 

-38.8180 

5.8488 


1.8000 

-50.2386 

42.9958 

-49.4386 

10.6693 


2.0000 

-62.1087 

49.0941 

-61.3087 

16.4411 


2 2000 

-75.2282 

55.4906 

-74.4282 

23.1641 


2.4000 

-89.5972 

62.1854 

•88.7973 

30.8384 


2.6000 

-105.2158 

69.1783 

-104.4158 

39.4640 


2.8000 

-122.0838 

76.4694 

-121.2837 

49.0409 


3.0000 

-140.2012 

84.0588 

•139.4012 

59.5690 


3.2000 

-159.5681 

91.9463 

-158.7681 

71.0483 


3.4000 

-180.1846 

100.1321 

-179.3845 

83.4790 


3.6000 

-202.0505 

108.6160 

-201.2504 

96.8609 


3.8000 

-225.1659 

117.3982 

-224.3658 

111.1942 


4.0000 

-249.5307 

126.4786 

•248.7306 

126.4786 

(b) 

LAST STEP IN EETSu'-'iNfliiON oF t, 




t 

Dx 

Dy 

Ex 

Ey 


(•) 

(If) 

(N) 

(N) 

(N) 


0.2700 

-0.7733 

6.2105 

0.0267 

-2.0107 


0.2710 

-0.7817 

6.2289 

0.0183 

-2.0206 


0.2720 

-0.7902 

6.2472 

0.0098 

•2.0305 


0.2730 

-0.7987 

6.2656 

9.0013 

-2.0403 


0.2740 

-0.8073 

6.2839 

-0.0073 

-2.0501 


0.2750 

-0.8158 

6.3023 

-0.0158 

-2.0599 


0.2760 

-0.8244 

6.3207 

•0.0244 

-2.0697 


0.2770 

-0.8331 

6.3391 

-0.0331 

-2.0795 


0.2780 

-0.6418 

6.3575 

-0.0418 

-2.0892 


0.2790 

-0.8505 

6.3759 

-0.0505 

-2.0909 


0.2800 

-0.8592 

6.3943 

-0.0592 

-2.1086 


LAST 

STEP IN DETERMINRTION OF C t 



t 

Dx 

Dy 

Ex 

Ey 


(8) 

(N) 

(H) 

(N) 

(N) 


1.2700 

•24.8258 

28.2776 

-24.0258 

-0.0253 


1.2710 

-24.8654 

28.3034 

-24.0655 

-0.0114 


1.2720 

-24.9052 

28.3292 

-24.1052 

0.0025 


1.2730 

-24.9449 

28.3550 

-24.1449 

0.0165 


1.2740 

-24.9847 

28.3808 

-24.1847 

0.0304 


1.2750 

-25.0245 

2B.4066 

>24.2245 

0.0444 


1.2760 

-25.0644 

20 4325 

•24.2644 

0 0584 


1.2770 

-25.1042 

28.4583 

24.3042 

0.0724 


1.2780 

-25.1442 

28.4842 

-24.3441 

0 0865 


1.2790 

-25.1841 

28.5100 

-24.3841 

0.1006 



U) 0 o = %: 4>?5«<(/s,(ii^= It?, «f ( - ronulj^uijff-^zsmj/i. 


US 1 N 6 T*tr RoCATiiJa-pRRnrAJry 
(?: I^jin 0i-i^ + 4-cWfe 
HrZ^= I'fstnt 

^ WHERE ?:-{'*<£ ( 'i 


^ Alt'S ' 
FtoiNTS 
INTO PR TO* 


SWtf THE P0RCE5 CONSIST OF RCftc-TION AT A AMP WCfctfT' 

\A/1K AT S ) WE HAVt ZM z _0 And H ? : constant 

5ince H^= H x iir\6+ H t co\b =■ I’f nVO ■»! 4cos»6, 

WE N*VE v v • 

(l'sir'9tla» % 0)+ - (lW0 6 +I®#O4 # 

JErri n 6 (5 x r'i\n*0 flco’e ($ 

a*■» <a 0 f rcot 1 ^ (f6 

And So<-vmi6-Aon «£ = (Qo/Q.) *i (5) 
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18.C5 continued 

OiMUNg OF PROSgfiM 

EMlcI? a.: 0. is ™ j ^ « 181 r/s‘ , «*ynr. I . 

EtfTef? INITIAL. CONDITIONS •. 0 O ANP «F„ 

(cNrei? decrement a© Vou w‘S« to use 
Co*Af^TC I AND I' PSOM (l) A t'Jp U') 

COMPwTe- ae> f«om (4 ) E PROIW («1) 

Fo*! ©-0 o TO G-fy, (>VMeN i(6) *'«n), *wt> 

ys\Nfe occRChe^Ts rte : 

OOMPwTt Q FROM (5) 

COMPOTE ,f(e) FK£)M 

OvRICy OUT wul'AFJliCtfUl' THE iWnrotH dory 
nuDicrnPD im(io) 

*T Z*wrri?\/*-L^ compute ■#> fComCjJpwji ppi>/t 

TA*- UA. opj dr & * NJ> *> 

T4f ?e«i6j) of the osculation in 4 nofiAivso 

Sr DOUflUl u(, the UALUT OF t UIMETJ o *X*CH*‘ 
ITf> MrrJrMOM »*, . 

PKp£r,j\m *’m >t Out 

Cl) (ID 


18.C6 G/v/gA i: 

y/%tt>eD T) Rot AG (jp* 

^ z | MC&uV'SlE **Aif j^PPcR'ieo ev 

C I Fail <u;q stKRti m % . 

\ i Initially, 9 = &(,, B = o,‘f'=’^, 

\JI FituP: 

^.(l ( ft ) <•• U»tve 0„ o* 6 >n 

\ £US'J"/* MOTION ANp FflLoD (Time 

\ _ e \ Rewoiseo FoP 8 t» aftoku To-d 0 ). 

\ (b) -f t-ifrj 4 , pl>R UAtuFi Of t) 

3(0mm FRoM g> 0 To US lw » J* UUCRfMeiUTS. 

X^r Consider juiirSWELY the inrun 

torus niONjj 

r • 180 mm (I*) ftp = *{D , ^0 * 50 r*0 4^ t 4* - 0 

Gy e 0 = to* tri), i : 5*r«i>/> 

Gii; ^r<50* lij = yor-«4i ( ^ | r5f«<lf i 

^ V J - <Jo* r 0 - to ra/ A ,4.~ 5 ra^i 

(v) v> t --(,cr,\-0' + 0 *7C**li 

(vi) do = 63*, f # * 5"o r»<(6, ^ o - 5 raA/i 


d> 


TH0- 90 
PHIDO- 5 
DTH- .1 
Theta 


Precession 

Rate 


TH0- 90 
PH1D0- 10 
DTH- .I 


(degrees) 

(rad/s) 

90.000 

5.000 

08.000 

5.005 

B6.000 

5.022 

04.000 

5.049 

82.000 

5.087 

80.000 

5.137 

78.000 

5.190 

76.000 

5.272 

74.000 

5.359 

72.000 

5.460 

70.000 

5.575 

68.000 

5.707 

66.000 

5.855 

64.000 

6.021 

62.000 

6.207 

60.000 

6.415 

58.000 

6.647 

56.000 

6.905 

54.000 

7.193 

52.000 

7.513 

50.000 

7.869 

48.000 

8.265 

46.000 

8.708 

44.000 

9.201 

42.000 

9.752 

40.000 

10.369 

38.000 

11.060 

36.000 

11.835 

34.000 

12.705 

32.000 

13.683 

H.-&3 

13.704 

Theta min • 

u q tom 

Period - 0. 

736 s 


Theta 

Precession 

Rate 

(degrees) 

(rad/s) 

90.000 

10.000 

88.000 

10.011 

86.000 

10.043 

84.000 

10.097 

82.000 

10.174 

80.000 

10.273 

70.000 

10.397 

76.000 

10.545 

74.000 

10.719 

72.000 

10.920 

70.000 

11.151 

68.000 

11.413 

66.000 

11.709 

64.000 

12.042 

62.052 

12.404 

Theta min - 

Sj.:L.dggree» 

Period - Q.,57.7 s 


(tit) 


TH0- 60 
PHIDO- 5 

DTH- . 1 

Theta 

Precession 

(degrees) 

Rate 

(rad/s) 

60.000 

5.000 

58.000 

5.181 

56.000 

5.302 

54.000 

5.606 

52.000 

5.855 

50.000 

6.133 

48.000 

6.442 

46.000 

6.787 

44.000 

7.171 

42.000 

7.601 

40.000 

0.082 

38.000 

6.620 

iSJil 

8.945 

Theta min • 36 

. $ decrees 

Period - 0.72'i 

-3. 




An/AlY 5 ) f> O'bifslfir T*4r R.oThn»r^fr PR^MP 

*\ ^1 . vW'TH Vj p/y A)l»l~tllU«r 

INTO Tir-e p4pe<! 

+oir l Qi-d l )*( , f~+ t>abty£ 
“.^Aln;^4.i,u,k 
= I’<f Jlnd^-rb^l^T+ate)^ 


,W> V WE8E I={wa‘ (li 
l'- T-'ma'+TTi (id)"- ii inn* (2) 


(2) 

CONSBUi/^ycA OFA-rugt/j.d/i’ M<V(g*/Ti<»-< 

5|rU<CTHF Oiu tv CjOetlrriiu Pofc’fARt TAt rtjrctioJ 
i^t rt AMO THE ojCI&ht vjr-i^K AT G WE aaue 

5;m = o /°™/d z;a' i! =o. s iruce t p,m. T J,(. * 

K/fiVTUWirtfl 0 P RFFWrriU^r;, IT EottuUS T*r'T 

Hj = coxrT» n. occAuse of r»r AxiSTiHA'rTtv of 
the disk, it Also folu»/s th*t H f - cuu*.t«wt (s*!r 
f’R'iei. le. 1 39). k/f u/R-rg 

Hj= cc»ftr: l(^+4*a>s&) =(1. # (3^ 

to-riFSE FROM IrUlT. COWS. *. ji - T(-^ C£60^ ( 4 ) 

H^rCONST.: H**'" ^ + HjCost) = o( 

V «#> S.'n 1 d T I (V f W d)tei6 = </ 

RCCAtUNS (31 i*rfAAUf lV3iVH/4«B ! « ^ 

rfl.Of -1 lfijiln\. coworFrows; <9( «1’^ S|V(J e f A «oi^ (« 
5ocuuuff(?) for +: <4 = <?- /; ■ > fl , 7 ) 

T 1 lintfl ' f,/ 

COftEaeCVATlOM 'i* !NF>'/Or 

T --*< J r^VV**r. . . 

= j f J C»o‘ d 4 . I'6 Z -» I (>p4 C^COS©) J 

juasT/rvTe r«R ( ) froa\(3): 

r: f fr +'\fn’i + r t'h 4 l ) v ' r - ^(^)«- 

Ti\/*E: £(1’+ -Wo +1*(j'+ £)-«wti -^e 

FRCPI inVT p>Ub.; f r t A’j - t'Olf A. «T5 0 a (^) 

Sou/ivtr (e>) for 3 1 ; e'-Sto) Otf 

Ir/HFRC *, , ■» . * ., A 

$(0) = l(lZ-7[ + * m 'l «toae;- f Sip j (II) 

1 (coJrifJ^e-i,) 



18.C6 continued 


So*>jTi Tuli'lt FOR 4> FPoM (7}fW 

/ro-£fr*-f o$| 

F«ot ^&Y»J «/«■ »>*>*£ 


0=VJ(t) ' r * db 


dJt 


fe *X 


' d ovT3fe3 


0 -d 


ifl)rH£T/«! if «jpro?» for 0 to prcK<?i*ir to a„, 

U O&TTIVCO iJUNfD'fAl. >WTT«H.0TIO»J, 

0,, JMT'VS t><rr<ioej> By r«p ptht that S(b„)=0, 

TKflr /J, TMflT f(0) CH-nriCeS JIM POR 0*«7» 

(b) TtK. eAct* jiSnari > rrtLi/c of computc -A 
PX.OH TV. (?). 

QuT'-i|Vir OF Program 

trM7Cf? d -O. /£m, <j - f, fli A s&ome dM = I 

IrWtFC/n/n/rt(. CoR /t, ( T, 0 ^5: ^ A(v/J ^ 

i|); ' o 


[rM T E? OrcKEMPsIT oltt You ih/iJW 19 V$£ 

CfMPviTe r A^s X' PKoM (I) (2) 

COMPUTE fb Ff?0M (4)^ (X r=To*( (6),ArU) F F^ofl^) 

For » = »„ ti> e =»,„ (u/httw J( 9 ) e*ew$e< jisw;, 

US'JA C£d!fn*u7i Cl & l 
CoMpuie <£■ FRoM (7J 
COMPUTE /(9) FS. t «^l|) 

Carry out iJuH;Ric(iutT«r n\/Teisiwii>*/ tnriuio 

w ro.( yj 

AT (n/TCRuivtl^ *■«.«/r the u«lve6 of 0, 

A*®, FCoFf (l), 0F / - -4 - <£ cos 0 

TRF fToioO OF TMgOT.C(L!»iT|ot7 IM £ (?> 0e,1rt'/vE,P B> 
Dou&i-i'. * 7 ( :r. ■• “tilf c,F i CeRfcPiMxs OIIYF TO 0 « »«, • 


Program output 

(i) 


(H) 


TH0-90 PSID0-50 PHIDO- 0 


TH0-90 PSIDO- 0 PHIDtf- 5 


DTH-0.10 



DTH-0.10 



Theta 

Spin 

Precess. 

Theta 

Spin 

Process 

degrees 

rad/a 

rad/s 

degrees 

rad/s 

rad/s 

90.00 

0.00 

50.00 

90.00 

5.00 

0.00 

ee oo 

-0.21 

50.01 

88.00 

5.01 

-0.17 

B6.00 

-0.41 

50.03 

86.00 

5.02 

-0.35 

64.00 

-0.62 

50.06 

84.00 

5.06 

-0.53 

62.00 

-0.83 

50.12 

82.00 

5.10 

-0.71 

80.00 

-1.05 

50.IB 

80.00 

5.16 

-0.90 

78.00 

-1.20 

50.27 

78.00 

5.23 

-1.09 

76.00 

-1.51 

50.37 

76.00 

5.31 

-1.20 

74.00 

-1.75 

50.48 

74.00 

5.41 

-1.49 

72.00 

-2.01 

50.62 

72.00 

5.53 

-1.71 

70.00 

-2.28 

50.78 

70.00 

5.66 

-1.94 

6B.OO 

-2.56 

50.96 

68.00 

5.82 

-2.18 

66.00 

-2.87 

51.17 

66.00 

5.99 

-2 44 

64.00 

-3.19 

51.40 

64.00 

6.19 

-2.71 

62.00 

-3.54 

51.66 

62.00 

6.41 

-3.01 

60.00 

-3.92 

51.96 

60.00 

6.67 

-3.33 

58.00 

-4.33 

52.30 

58.00 

6.95 

-3.60 

56.00 

-4.79 

52.68 

56.00 

7.27 

-4.07 

54.00 

-5.28 

53.11 

54.00 

7.64 

-4.49 

52.00 

-5.83 

53.59 

52.00 

8.05 

-4.96 

50.00 

-6.44 

54.14 

50.00 

8.52 

-5.40 

48.00 

-7.13 

54.77 

48.00 

9.05 

-6.06 

46.00 

-7.90 

55.49 

46.00 

9.66 

-6.71 

liJLl 

8,72 56.26 

• 44.1 degrees 

44.00 

10.36 

-7.45 

Theta min 

42.00 

11.17 

-8.30 

Period • 

0.668 S 


40.00 

12.10 

-9.27 




38.23 

13-06 

10.26 




Theta min 

• 38,2 deareea 




Period • 

0-667 a 



Llil) 



ttv) 


TH0-90 PSID0-50 

PHIDO- 5 

TH0-9O PSIDO-10 

PHIDO- 5 

DTH-0.10 



DTH-0.10 



That a 

Spin 

Preceaa. 

'Theta 

Spin 

Preceaa. 

degreea 

rad/B 

rad/a 

degreea 

rad/s 

rad/a 

90.00 

5.00 

50.00 

90.00 

5.00 

10.00 

86.00 

4.80 

49.83 

88.00 

4.96 

9.83 

86.00 

4.61 

49.68 

86.00 

4.94 

9.66 

84.00 

4.43 

49.54 

84.00 

4.93 

9.48 

82.00 

4.26 

49.41 

82.00 

4.93 

9.31 

80.00 

4.10 

49.29 

60.00 

4.94 

9.14 

78.00 

3.95 

49.18 

78.00 

4.97 

8.97 

76.00 

3.80 

49.08 

76.00 

5.01 

8.79 

74.00 

3.66 

48.99 

74.00 

5.06 

8.61 

72.00 

3.52 

48.91 

72.00 

5.13 

8.42 

70.00 

3.38 

48.84 

70.00 

5.21 

8.22 

68.00 

3.25 

40.78 

68.00 

5.30 

8.01 

66.00 

3.12 

48.73 

66.00 

5.42 

7.80 

64.00 

3.00 

48.69 

64.00 

5.55 

7.57 

62.00 

2.87 

48.65 

62.00 

5.71 

7.32 

60.00 

2.75 

48.63 

60.00 

5.80 

• 7.06 

56.00 

2.62 

48.61 

58.00 

6.09 

6.78 

56.00 

2.49 

48.61 

56.00 

6.32 

6.47 

54 00 

2.36 

48.61 

54.00 

6.58 

6.13 

52.00 

2.22 

48.63 

52.00 

6.89 

5.76 

50.00 

2.08 

48.66 

50.00 

7.23 

5.35 

48.00 

1.93 

40.71 

48.00 

7.63 

4.90 

46.00 

1.77 

48.77 

46.00 

8.08 

4.38 

44.00 

1.59 

48.85 

44.00 

8.61 

3.81 

42.00 

1.40 

48.96 

42.00 

9.21 

3.15 

40.00 

1.20 

49.08 

40.00 

9.92 

2.40 

38.00 

0.96 

4 9.24 

38.00 

10.75 

1.53 

36.00 

0.70 

49.44 

36.00 

11.72 

0.52 

34 00 

0.39 

49.67 

34.00 

12.87 

-0.67 

32.00 

0.04 

49.97 

32.00 

14.25 

-2.09 

30 00 

-0.38 

50.33 

30.00 

15.93 

-3.79 

28.00 

-0.88 

50.70 

28.23 

17.71 

-5,60 

26.00 

-1.49 

51.34 

Theta' min - iS^.2 degreea 

24.00 

•2.26 

52.06 

Period - 

0.655 a 


22.00 

-3.24 

53.00 




20 00 

-4.51 

54.24 




18.00 

•6.23 

55.92 




16.00 

-8.62 

58.28 



• 

14.00 

-12.09 

61.73 




12.00 

-17.44 

67.06 




10.00 

-26.30 

75.90 


. 


8.00 

-42 61 

92.19 




6.00 

-77.82 

127.40 




5^2 

-89 03 

136.60 




Theta min - 5.62 degrees 




Period - 

0.542 a 





(n/) 



M 


TH0-60 PSIDO- 0 ! 

PHIDO- 5 

TH0-60 PSID0-S0 

PHIDO- 5 

DTH-0.10 



DTH-0.10 



Theta 

Spin 

Preceaa. 

Theta 

Spin 

Preceaa. 

degreea 

rad/s 

rad/a 

degrees 

rad/s 

rad/a 

60.00 

5.00 

0.00 

60.00 

5.00 

50.00 

58.00 

5.20 

-0.26 

58.00 

4.96 

49.87 

56.00 

5.43 

-0.54 

56.00 

4.92 

49.75 

54.00 

5.69 

-004 

54.00 

4.90 

49.62 

52.00 

5.98 

-1.18 

52.00 

4.89 

49.49 

50.00 

6 32 

-1.56 

50.00 

4.69 

49.36 

48.00 

6.70 

-1.98 

48.00 

4.90 

49.22 

46.00 

7.14 

-2.46 

46.00 

4.92 

49.08 

44.00 

7.64 

-2.99 

44.00 

4.96 

48.93 

42.00 

8.22 

-3.61 

42.00 

5.02 

48.77 

40.33 

- JL22 

-4.18 

40.00 

5.10 

48.59 

Theta min - 40.3 degreea 

38.00 

5.20 

48.40 

Period - 

9.661, » 


36.00 

5.33 

48.19 




34.00 

5.49 

47.95 




32.00 

5.70 

47.67 




30.00 

5.96 

47.34 




28.00 

6.28 

46.95 




26.00 

6.70 

46.48 




24.00 

7.23 

45.90 




22.00 

7.92 

45.16 




20.00 

8.84 

44.19 




18.00 

10.10 

42.90 




16.00 

11.86 

41.10 




14.00 

14.44 

38.49 




12.00 

18.43 

34.47 




10.00 

25.06 

27.82 




8.00 

37.27 

15.59 




6.01 

63.40 

-LXL35 




Theta min - 6.01 degrees 




Period - 

9 B 
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4IVE-N: 


PAB.T|C|_e in SIMPLE HAEMONlC HOTlON 
amplitude = 4otn. , Peeioo= 1.4- s 

0Nh.; 

hmimuh velocity 

_ HPlHQ M Ac^6l_ e EA.~noN l ) Qun 

simple HAEPXONlC HOTlON 

V.=% rin SIM Uo„t + <?i'> 

UJ^ — 3.TT /«£„ - T.U/t.1 .+ *,■> = 4 4 SO KAO/s 
V-vv, — AMPUTU06 = -40 in =. 3,333 ft 

Y = (£ SUSSlM (4.400 

X = Y^uJn C0sCJntt4>^ Y^lx)* 

tr^= (3.3334tM4 4«0t* 

^ ^ v .o *>*,« 

X = " SHA \WiA"tt<b J ^tv\ = — XvnLUn 2 

Q w = (3.133 f^U .4 80ir&) 

-___ (U-fc7.i ft/S'' 




cfi 


4WSN'- 

Block w=io lb 

■spCing 4=2olb/m. 

INITIAL. 3eFUFCT|oN= z.i in. 
S.eueA'btb FeoM fce-sT 

Find-- 

C/x'i v^LiobT:* ,ano rea5(j£NcY,f„ 
(bl Haximom -oetf) citv > Um 

_ ^N P ACCEL E RATION -, »W, 

V- Ylv i StN Cco^tt-p*) 

^*— \[£./yvi ■fe=Zollc/in = ^fc | (t 
UJn^VtZHO lto/’-ft')/feo lbj/(3? e^y 



IS f , 

„LJ 


V m =Zllr) 


tOlA- It 0 30 FAB/s C„=i £ 1 

zir/n, oso-qmiss 

in ^n = 0-3<?l 


UJ M = ^rtf v, = (?lTtM.s 111 .")= it. rr tad/s 

y w W, do-s^v- Ow,= YwsUJ n 

Y-Y.J(d„fsiN(w*-tt4> ") dw,= Yw.LO^ 

<W= 7 2 no/s' = Kn* ( IfcTi l-AD/&'>’*’ 

- (7.2In/s'V(Ifon fA0ter 


- k . 12 feN/tt. 


Y*,= Z&4<lX(o\n 


0^= Yvv> U)„ - (t.<344 wuiviXlfcTT IrAD/s') 


X-w\ = Z-&5~YViM 


UiM= I4>.Z »w/s 


- 1 4 iy $ Hi 

PAETlCue IN SlHPue HABMONIC MOTION 
Am PuTooe =■ 3 ooivum 
MAXIMUM AOceLtJLATlON = Sw\/s^~ 

FlU &j 

maximum velocity N "O' 

_ PdepOCNC Y f __ 


Y= Ywi SiwCL0„t-t4>') v,= O.IOOM 
Y-Co.loo) SIN (uOnt j CnO 
X = '.O.iXw,'i COS (OVt-1 1>) ( Hn fe'j 
? > =-(0.3.',0jO vl ' 1 '-SlNi(W M tt4> v > Cuo/s') 

Co.2> M/syujO' 1 - ai*A=-S’ im/s' 1 - 
lavy,l/fci.3 ) i ( n^=(SlM/S j y(0.3lw N ) = lfe> (nfcT Wib/s 2 

OJvv= 4 082 IrAD/s -Pl^UWZTr 

-f’n=(4.oa7 rAb/sV(2n |rA&/CYCLE') = 0.fc4<?.7H2 

-PiA=a6S0H£ 

O tw = Y t *b0n=(o-3»vi'>(4.oe,ZVAD&'> 

A-V= UL25 Im/s 


f H= l ^n= l/0-3<?l =2.ys-He 

i ., N Cb^ %K, =72.. I 110 .= 0.175- ft 
i • < v)= O 

Y= o-ns" s/n(I 6 osot+<£) 

Maximum vetociTY 

(V,- Y-^ol>*= Co-nr-ftKit os-oyap/6') 

O-^z-Si fVs M 
^1*4— Vlk W^ = (io,n3’ft)(HosotAD/i'i 1 

------ Qnn^S-.lfVv 1 -^ 

19.5 iSiven: 

e>uoae. yv\= ~in. leg 

B > SPCIN& 4t= 12 Je-Ki/m 

riNlOAL VlrLOClTV 

O 0 = 1 co now /s 

4^- ’ XNlTlAt tUlPcACfcH0ir=O 

| i Pins; 

f ; iOi'lPgUiOD Cn AUbna^+n 

(b"> Aapliiope X.WI 

- MAmM'JM ACCi^AHON.^M 

\r=o Y-= •YvM^INOUnt+0') 

I-0 T w„=^|-Esr=p^E 

-- j» % 0 

] I bOp= l<?.3 <aS’ lrAt)/S 

B l IT ^-71 /co n 

! I U 0 =2S-OmM/S -Cr»= ITT/W.34,5- 
1 J U n 0,324 5 

! t M = 1 t/o.124 =-3 08*^ 

I « (b) @-fc=-o ,30=0 

J nw^pjf thus 

Y 0 = 0 = 'lLn.SlN(bo M (o'^-Kt>^ 

0 A NO 4>=o 

\ = ^°o= Y^LO^OOsCw^^+oV'Ah^ 
0 0 = 0.1 SO »*\/S= Y»n (l^.lfeS XAO/5') 

Yiv>= (b /iso m /s)/? iq.?£s rA&&} 
X-w=«- < li-xio 3 m 
YlM=- IZ'll mw ^ 

a w = ^n,uj^ = (I2.0IXIO'VoU .BbSi-Abte'i 2 - 

Qum* 4 34 wa/s 2 - 


L—-I| 
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^IVEbL. 

PtNOOUW IM SIHPlS HAtUGNlC WOTlOW 
PeetOD Cr>= 1.35 

HMtmon vtU)crrv ( \^,=-(sir./5 

ntifti 

(a^npuTuoe oFTrte hofion,q m 
in Desirees 

Cb)rHe wawhuN tangential 

ho iisifcP.pm oN 



u 1 M Pt 

V L 

r&A 

Ja HARMONIC HUTJPIS 
e.-^^ siNCWMEtilil 
-ztt/t:^= 6 .rr)/Ci' 3 s') 

0 Oift =4 <B 33 rA 0 /s 

&= O^WxiCOSCW/t+ct*') 

Bl 

^vvxLOkv 

0 «va = vv» ” -C .0 >v* tOy) 


PActA&e A IN 
StHfig HAJHOKlC 

Motion Ar A 

FdFUioevicV 
'MHTCH ISTI+e 
SAkfT AS THE 
HOTOI2 VIHCH 
D Clues rr. 
teAt AccePATIQN 
- ISO f+/S'*- 
toiH.nuoe'—z*3i»- 


ELM; 


"tT-15-m/A © w - O w ( Ji.aj w M) 

"*• 0 Foe A -StHPce PEUOUSUM 


TmijS 


£Or>=V SfSL 

0- q / 3Z T fC/s~*- 
K o /OJ„— C.q.g33 xa&/s) 


&- (.318^ 

PtOM (i') ©*= /(W r =(lS-/n.H/iV(i.3i8K^W 

.O ©ivp °| 10!'*'»= IO.?S° 

Cb'i a*-4e 

H Ax. TAl GtrNTfAC ACCfcUfPATION occu2b VjrteN 
© is. MAXIMUM, ©^-6 m w^im (W*tt<$) 

S WAx = (OtW= A BwUV- 

^'nfA»-“ (I,37S f *■) tol8 ^ 833 § 


EuwiCiiD SPteu ofT itg ifcnop in cp« 

_ HAXIKuH UetOCiTV OF Ti«e FA QlG (PAC t AOr) 

■TN SIHPcG HAehONIC hOT(0 N 

^*t/AX = ^-KK 10 ^ 

\5'oPt/ S -=Cl r b Pt)OV- 

OJ^frez. (, IrAO/a) 7 " 
lO M ~ Zl FAb/J 
—Z7.98 -4,4SZHt (CVcLe/3') 

3-tt air 

I KPH ■= i cycLe/Ciwiuii ^dOS/tviiti^ = l/6o 

(C RiV( VkO Hi)= 4 4SZ =.Z(L)7 RPn ◄ 
U/60) 

MAXIMUM VaoCITY ^hux^waxW^C^ ('Ofa q&IAOM 


19.9 

_!-1-1 SH 


6 VEN 1 . 


c-iiven: 


—Simauz PeNixocon 

T C = 600 ww^,,: fo° 

!\ Rno: 

j y LAIFUtUOtNCY OF CSCIUATlON i 

jA ■£ * 

[*\ y Lb'i MAXIMUM VtC-OClTH- \5„ 

'---j.--® 1 ' OFTHCBoB 

(<M lo*=\ g /4 =V(9-8I m/s* y(o.8t*o 

LOh= 3.JOZ iTAb/S 
■f M = U)„ /2H=(.3.SOZ.i'Atfe')/rn' 

.. * £*= O.SS7H* 

(o') ©> = ©*, Si u(UvUci)') 


ELM 


Pahticu? Motion 

■)£.= S5iNlt+ 4Co^it ChA.s') 


§= ©ft,U)nC^UVtT<t>) 

®»V»“ 


^im« & w u)^(o.8iiiH(o l, KnjrAB)fe.aittD^ 

O0O°1 ® 


0*,= Z43.4¥ 10 ***1$ 


0 ' I m = Z43I«w/5 


C&) Pemob /C* 

Cb) AMPUTu&6\ V-IM 
Cel PHASE ^WfeUB^ct) 


Foe simple mnemonic Notion 

X- y.^SiNCw^-fci-4)^ 

Dooe.LG ^NC^J^ Foe HULA (.TB.iG.oNOHfeTfeY - ) 

■SIN CM-al-^IN A10LO& BVKSin QIO^S A> 

Lfer A = uint ^ e> = cb 

THtN -y.^ y. M SlN(AJ r tF<bN * 

•y= y.^(oiNW»xt) (oos 4>')+V.iM$iN4ii (fosaj,i) 

yi= CV;^cos<tVsiNio w i>+0A M siN(tM<l05u)«t') 

QiutN y= ssiNi-ti 4cosx-fc 

G0HPfte>No ^ co«='z. Kw tos4> *= S' CO 

Y-f^SlN(j) -4- ClI 

'^r_-iTT- -tt* 

^ l^XAOfe) ^3,,4 ^ ◄ 

(b) ■SQoAeiMS- cOanoCt) Amo Aoikmg, 
y^aos l i-+ x^sin’^ =^1+5"*- 
Xvi(SobM>FSiNi<t > )=x41 w x 
. Vrvi* <=-40 

feHiyibe Ci') CiT CO 

TAN <J) - 4 4>- 38.7° 

S 
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k. 12 kN/m 


19.10 


<?lVe'M : 


19.12 


. i ne.c.65-! 
I w 


Tp.e>ue c Moves in simple 
■* demonic Motion with 
Amplitude 3 i f 
t{,= o t>s aeixeeN 
Block. Q and c 


F&S g.y£ NC.Y Al LP WcP FOR Nri S LI DING 
,-. NEWTONS law 

= C ?=P r f -woi 

wa BLOCK B Moves IN 

simple harmonic. 
uj n tt4>) motion with the 

5>i n (uvti <$}} 5>AHe frequency as 

EEAT ION C WHSNTVtSltG IS 

1 No SUDING- 


given; 

Wa= 3 lb , Jk= llb/m 
INITIAL VELOCITY OF A — 40 (n./s 1 

EibLQJ 

ClViTlMe te<?OlE6b Foe. THE- ULOC< 
TO HOVE 3 l*L UPWARD 
U>> CORRESPONDING VELOCITY 
And Acceleration 


///////, 

U-Wsm 

1*.]^. \/^j , A =*lfc/|„=l«f ^ 

T _ T [*=*•"• (O.VSEEZ1 

J A j |+ 

* . . Whit es- TAD/5 

*(o^= 4om/ s 

V(0,)S ° 'kto^OsOc*, Sin(o+<i>) 

<£= o 

X (0^-'fc w l4,eos(0to'\ IcCO') — 

1.'5' = Vw (jbOS) , Vi k vi«=-o.4673 

X=^.4fc73')Sm(!fc.0S-fc') (ft.s) (0 
(fl'l AT X- 3/(7= O.ZS'-Pt 

O.ZS-= 0.^673 SinUb.OJt') 

-t- Sm'‘(0.ZS')/ , (o,Vfe73^ = 0.03S-Z5 

I fe. os* 

(b ) k= l£*,io„ Co s(W*t 1 & - s I n tu«*t 

txMMZ, (U (04fc73Ht«..OS^03[(l*.0SK'O3SR)3 

\t = 6 .. 34 ft/s f 
X=-C.4fa73HU-05^ SINlUosH03SZYl = --C44-Pt/s#-^ 
19.13 

-'reaerto figure in problem W.ll A80V6* 

6(V6N : 

WA=Hb ( k=2lM^O o =q0i*./s? (Jane ASN.ll) 

Find: 

after. o 4o s , Position t velocity and 

_ ACCELERATION OF T H E &LOCF 

V = Xw^iNCW-Ficb^ 

?= XwiU)r>COSCWr.t-Kt»^ 

1 °= -Yw, CU ? AWl 0 <J*t-HtO 

SINCE TM6 &IVCN DATA li TH6 SAN6" AS 
IN fcROfcLeM 19,17. A&OYe\TH<= EOLATION of 
NOTION IS THe SAME AS EQUATION C.O IN 19,11. 
■4>=<i ,'Y. 1^ = 0. Hfe- 73 .pt , Uj „= Ifc.OS EAD/S and 
AB& + * 

XHo.HfeTilSiNCit.osi'i (ft,s) CO 

AT Q.^QS 

l- (}.Mfcl3yiNju.«yitoflo^=s 0.44 sCt \ ^ 
i=(b.4fo73^(l<.OS)COsKl(|.OS^(0.^]=-2.27^/s f 
f , =-(o.Hb13)(lb.0sisiN[(lWS)(090)1=114-7 ({/? j ◄ 


y= Vm SI N MOTION W tTH the 

5( = - si n (uvti df') ^>ame frequency as 
Hammoh aoceleeat ion c vHSNn-teee is 

&- tmOdJ" I HO SUDINfe 

Ff — W. Yw>LO^ 

For no sliding 

Ff>J{ 3 W OR > ^Y*,uC 

a / V 

U3 W > (o.feS*)(-3 7.2 ft/s 1 ) /(3/I1 ft) = 83.77 (taD/s^ 

to„>q.i5*o 

_4-H- fj \/2tT=( ( l.|SO)/Zir^).‘ : »5feHL** 


y=3m. 


19.11 


Given*. 

initial 0 is Place hent 

OF the SLOCK = 300 MW 
DOWNWARD 

FINE'* 

I.S S AFTER THE ©LOCK 
IS RELEASED, 

IA"> total Distance 
traveled BY the Btocfc 

Cb3 A.CCELC-&AT10N OF 

THE ©.LOCK- 


(aN Y=v ^siN( LO w tt<j>1 
f(e<?on_*) \/A /u* =\H \'l*\o S U/iM ) 

' v 

• __iJ’VCo'i-0.3M UJ M =iq.3feS l-AD/s 

'[ ‘C„=tM/w v( =fe.Ti)^q.3t)S7 

'~iin V. V°wss 

/ J| r.xcoT=o xnitial conditions 
‘ ^ \ YLoT=0.3wv % -{.toTso 

• k * !itot» , o.- 3-V.| M SIN(ot^ 

y(o', ^ o - lj„ Co s to-t- 
4 ^ = Tt /z 

v / , . V Yi*»’0.*5 

mWo.SlS|Ntiq.3fcsCF-n-/z) , -C„=O.S2«4SS 
1ttl.Ss3Ho.S'>SiN(UH.^S*^.S)tTl/z3= -o.z 147 m 

>-0.ss'i=to.3)(iq.3fcS)CosSfl.'SfcS)|.snt5]= 4 .OS 7 mis t 

j I j J T“ I N one CYCLE. MOCK TRAVELS 

t 1 - J -0.2I47M C^Ko.3w^= i.2 m 

0^484 M _J—o IEWilT TO TRAVEL 4 TVCLES IT TARES 
(4fvc)(0.32HS j/:yc)= I.2H80 s 
fit t-i.is Thus ,total Distance traveler 

IS 4(l.2') + 0.fctlO.3-O.2l47')=5’4 < ?IVl ^ 

K. (b ' 

Ul.S\--C0i)C^3t.5f^rt,3W'Xj.s)A\]= ◄ 
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19.14 


given: 



? = 600 VYIM 

kr-t-o, e=ti* § = o 

ASSUME SIMPLE MNEMONIC 
hOTlON 

us AFTge. teLEAse - 

Cat © 

(4} /o a no a of thg e>oe. 


e = © m siNUo w t<-4>1 i‘ y=\J~3~= V p^ 1 wfe 

CNITlAL (LONDITIONS * O-QtW 

S(0')=S°—&'> tnV'So fcAO W w — 3 502 TADfe 

& (C»T =- O 

©CoT=*JI ~©^SIN (.0 + 4 >> 


&(o>= o=» © w UJ„C.05(o-t^ 4>=Wz 


©= IcL olN^1.502t V?;) 


- ZJT e>D 
M 180 


19.15 Given: 

»■■■■ W=S'Ag. owArr/'t:i4f a to the sM>mf. 

WHeN COtuAB IS OoSHgb OovaJN 

iBowiMoe note ano teunurb 

IT LOSS'S CONTACT with thc 

i sPe.NG 
Find: 

(, 4 ") THt SP 4 INQ constant 4 c. 

(bl FtCiTION.VELOCITV AMO AOUAfCATION 
6 IfcS AFTCe IT <S AOSHITO OoWN 
__ ISO W in f\Ht> g.EL&A'SgO- _ 

^nr 

a-*!/, X= Knn SIN (uj„t+<i>> 

Vj “ 91 V 0 -V^SiNCo-F-ci)^ o-iso/m 

n *o~ Q —Km Cos (oi-<fc) 

TT T“i f<9u "- ^-HVZ. 

M l V-o klM-o 180 IV1 

! L v + v o !8osiNCuj«-tT3r') 

icr- 

jftri? 


AT t-i.us e = 5 £sin^ •sotiCi-O+O 

©=0.ofc,7fcfceAt>=3.3 r ^ 

CbV , e ,T8 i+ e° 

,\ r 6 O.*O=O. 0 fel 8 fc Eaa 

©^fli X @ al= fl 

© = e*,oo„ cos ^ |3.soi) c.os^3 aaMi-^+^1 

I ©(.»•(>!>> = 0.1121-J tM>/5 

\)-= Ji © = C6.«co m> <,o mzs EM>/s> - 0.153 8 w/5 ^ 

§ = -6^10:6^(00^ -^<4^ 5J ^ (I ^ + ?.] 

© = -O.S3iq eAb/s l 

ex* VCQt^+^v.'i 1 ' 

ft. = Jle = (o.6^(-o. iAi>/s iN )=o.fcfcS'S'yvi 

s«- 

OU = Jd** (0.&l^(0.|<}2Z3 lAO/s^O-Ol^S© ^ 
Cl= \(.040VS‘') X T(6 O-tfVbV 1 - = 0,( 0 &,bZtols,'- 

Q = 0fc6felfrt/s l ^ 


o- u wh-en rite couAe tost 

LeAVfcS The S D ZlNG.ItS 
o teegOCEAT-OV IS $ V AHi) \>0 

K=(9.180) 10„ COS (W*tTjr> 

C-o O = (o ISo'lCOrt <105 UO^t+TI/z) 

(jfOwt-ttr It.)- Wj 

ft=-g—t O- 1 80) (HU'S 1N CWh t+ tt/ 2.^ 
“SH-O.lSo'lCW^ w„= W t9iw>^ 

v 6 ifto m 

_ U) n « 7-3S2. EA6/S 

uj« =v Vi^i 

A.-h*uC=- (s it_a '(C 7331 >0/5>=272.5 w/ w 

A =273 N/wt 

(b^ (JJ*= 7.382ZAb(S 

Tc.= 0.160 6 in[( 7.382>"t+ n /i> 

At. t= Q lfa * 

"POSITION 

%’ s O.I80SlN[(73eiy0.lt>W2j= o.ofc638M 

X=^<o 8.4 wuk ^ 

6€io«/v enoiuBtioH ^csrrioN 

Velocity 

^ = (o. i 80) ('i.38l) CosCd.JBlXo.ifc'M Wz>-i.n4h 


Acceurt AT ION 


1t= l ll^ t 


X= - (o.ieoXi.i^i) 1 sin[(i.382>(o.U,)+ 1 5.w 

X°= 3.73 'm/5 1 1 





19.16 


6iv£N: 


19.17 



EU^; 


1^=8 £3 

Ik- 600 W/w 
Foe each speiN<* 

INITIAL DEPC&Tiqt 

of speiN6 A 
= 2.0 W*v|. 

NO RUCTION 


SIVEM : 


<ai PeeroD 

_( bl Posit i on of <i F.n£B- i .s 3 

ta " O CD <D © 




ther. spgoic 
=- zy 

yjtVm c 


'C* — 0 , 725 - 5-5 

Tine t-eon 1 to z is x,/a. which is the same 

AS TIME 2 >T 04 , 4 T 03 AHC> 2 TO I 

TWOS T HS Tine OueiHC WHICH THE SPRINGS Ate 

compressed IS 4 CC*/<0 = 'C«= o.tisjs 
vel ocity at 2 '.V 

U-,= o T,= O V,= l^flLK' 1 -=‘ 

Vi— O.I 2 Q T 

r x = ^0- x = T x =4 V)^ 

Vt.= o 

T>V,*T v 4V-j. O 4 O '20 — 4v>a <*,.= <5.1731 \u(s 

TihE FitOH 1TO i IS t - t o■020**') =0 II545S 

l * i (O.I732iH/s) 

AND IS THE SAME AS THE TIME FBOM 3 TO 2 
THUS 

total Tine foil a coMPLere cycue »s 

T c = T m +2 11-j- D.mSS-f- Z (0./IS‘;J')=m4 

X c = 0 .^ 5 -fo S ^ 

0>1 R2.0H (R\ IN 0.4564 me 5PtlNG A IS AGAIN 

fully PCHPCESseo. speidg o is com Petsseb 

THG secowfl Tl«e (N 1.5 CYCLES Ot(j.sKo.<lSb‘f) = 
1.434 6 S. AT 1.5 3 THE Collar is still in 
CONTACT VOlTrt 3P2.IWG B MOVING- TO THE LEFT 
ftND IS AT A DISTANCE- £>< FROM THE 7 
MAXIMUM DEFLECTION OF B EQUAL TO 
AX = 20 - TjO CoS fil[ - {|.S-M34€»Y) 

TO mss J 

AX= 20 - |fc .«77 = 3.123 Wiwi 

THU5 COLLAR C 15 60 - 3.123* S6. «77 M m 

Ffcon its initial Position 

Si 3 wwt 

F20M initial Position 



HASS AND SPEIH6S ASSHOWN 

A ftee. the mass is pulled 
Doujm AMD CEUEASCD FCOM 
e.E5T The AHPUTUDlr of iw 
EifsoLTiNs not/ a w is 45 »w 

til THE F>tm.'OD AND FEfcTJUENCY 
OF POTION 

(.bl TV- HA XI I" OH 7 EL 0 CCT Y 
AND ACCELERATION OF THT 


CAT PeTeEIHNE THE CONSTANT JL of A single 
spe iKia. equivalent to the tHi2.Ee speing-s 

?■_ -L iifes P=4 5= i6 s+as+as 

I _I pU £= 32 £N/m 

I P W o>vr\f£/Z * V 

(l N=li-<j-1 •*'/s x ^ 

0 J* = 30.237 rAO/s 
€„ = 2 IT/cu n = 2 TT/ 3 o 73 -62085 

•^‘C-c^'v.aiHz 

Cb ) Y> lL m SlN(UVt-t<p J Clo=0 045 IM = ■y.nrt 

(Ok= 3 o .24 2 A 0 /s 

"¥> 0.0455IN (.30.24t.t4A 

^=(0.045X3CZc|')COSOo. 2«H<{) n ) UJ »l.3bl m/s ^ 
^=-{0.W5s')6o.zrn' , SlN(?O,2ntKb > ) Q.max=-4U 5 ,. ^ 

19.18 ClVEN: 

MASS ANA SPEINGS AS SHOWN 
0 MlALITUAE OF MOTION <5 

S IBkNAn AFTft HASS IS 

T luLLfD Down a no ‘ZfcltftSsJD 

X FPOH cESl 

i 16kN/ "’ FIND '. 

(A 7 ) PlsftlOO AMO r -ftt2}UflOCY OF 

jpf || MOTION 

^ jl_ hahihuh V e iociTV a n n AagetATtofi 

^ DbTCEHiNG THE CONSTANT It. OF A SINGLE STRING 

SOUlMALENT TO THl fWO SPe'Mfis Si+0vuN 


S= 3,+S» 


' F - T tB- =■ 

IticW/fc. IkfcN/iH 


H.- Tb + lb ^ sAn/w, 

T f, 1 <*» ^ 

-fn= r„- ott = ' z 4lHi * 

(bl tO^=2TT^=2n(?.411= 15.12 KAD/S 

X= O.04S SINtlf.lzi+^ 

?: = (d. 04 0 5. u 5 cos 0 r a-fc k6') 

, A 7 MM =£),b 80 l»i/s 

< = -{004 f>0 SI 17V si NllS 1 .121 t<b1 

(XnAx= ID^bl/s 2 - 








SINCE TH£ FotCE IN EACH SPElNg IS THE SAME,THe 
COMSTANT ■Jt' OF A SlNiCC EQUl'/AUgNT 3Pe\NC4S 

A “ kl7 ' 5 ‘ {s ****jM'o 

w 'c;=i.y«.=-iT t/v/STTwT ' 

(b) VY.v* - siH0*vt + 4>^ 

lou- ajr= art = 4.ie<l kao/s 
'C* Ts'o 

14im = o8m.= o.ofcfrfcl-Pt 

<Y = f-OC.W.T Pt)W I0q EaD/s } 

- * o Hk =o.a7<?^(/s' t 

5f= -T^w^eosCuvU 4>) 

[G H ^ V- >M utf = C.0.0 fc U7 f 0(4' iM'S*’ 

l d ft ft Y1= Mioft/s’"' I 


7 3 &>a£Lvs.4,=-44. 

2, * t (PEFU-CTlON OF 

r eftcH ss>e»nc a*. 
THf sake's 


(Fj*.t=*Tr//kfokg) (£ n \rzx r/l4l^Ag) 


>=(?■*) (rig) 

CMS^f 

Ji=4.2t,<? N/w 


tUk & 2.4,3 5 


given; 

SYSTEM As Shovm IS ttoyeo o.8m. 

DoonwaeO ANO fcdjfAseD FEOH 

desr 

FteioD roe eesoaini motion 

is <?*= i.ys 

Find: 

CfV'i CONSTANT & 

Lb) MAXIMUM VeiOClTV AND 

ACCELERATION OF THF Bloc*. 


19.19 


ViLyen; 

30 Ifc BLOCfc 
AT t=0 x Vt= 115-in. 
Doujn yyakd , cr= o 

F 1NL> ; 

Oo.'iPeeioD au& frequency 
or V.otion 

Cb'j HA/.IKOH /JECOClTV /.HD 

»• occurs: ation 


19.20 givem-. 


PnQ-. 


j-ikg Bloc* attached to a spemc- 
FIXED at TH-e OTt+CB. ENO 
vsBeiaes with a PeeioD "G^Ges 
SPeiNg CONSTANT A is 
inversely PtoPoenoNAu ro 
Tug SPeiN6s'LEN6TH. 


the PeeioD 

Fot A 2, la BlOc.Sc ATTACHED To THE CSNTEfe 
. OF Tug SAME S p feiNE FIXED AT BOTH E NDS 


PCTEFHINfe THE CONSTANT A OF A SINGC6 
SPPIK6 IQOV/t'JStlT To THE THREE SPeiHSS 
CHOW *4 


- 

r 

P 

_1__ 4,= iolb/m. 

3 1 

> l .T 

> fei e ‘T 5 ' 

f. ”»2_1_ 

[ 12 llo/in 

k It, k >- imw * 


J ‘ f U -Sx 

f f 


icings i and z . (force in each sPeiN6 is the sake) 

■S=S,+Si P. =i!FPi. 

, , « A V -k. Vv 

>’= .- fr l. F3- 

. _ * Tt^fcz 

It is the ^pemi constant of asinsif 
5fe:wg eouiVAietcr to c-pcines \ and 2. 
•spe. iM65. k 1 amp 3 (d eflection iNtAoupeiwc bthesakg) 

P*MTt P-fcS P 3 --fi 5 S 

+ £,. C 

k.~U*l b ~ &A? a&z. 

^»CzoVll_) + Ifc « 23.5- lb/IH = Z8Z Ib/ft 

(20+12') 

(Ql €y>= -^L=. =-p== Zrr - ■ — 0.30)1 S ■ - 

ML/im V Urz'-c/Tq 

, L3oTto73zT7t7s‘ l - 

~ 7"Cr\ = l /o.l,fcl = 2.77 Hz 

(kA y-^XvwSlN 

^►*,= 1.7?^ =o.i4-ye-Pf 

lo w = zjt ^-= (m) U .71) =n.io bu 

■K=fe. i4E8Vsin n 8 

^=■(0 |4S8')Cn.403SlMin.Altt<b\ 
m , ^>mivk=(o 4seMvMi)=as4.Ws * - 

x- -<j).i4S’e)(i7.Ao\ 7 -co5(o.n < 44t-<-<t>') 

Qmav “ 44.t4(H./S 

= 44 ) ft/s 1 ’ - 






19.22 | 


GIVEN: 


IgH 

peeioD Foe springs in 

J J 


series,•C- s = s-s 

|ii i.j£ 

1 *. 

Pe-eioc* for speiwss in 

I I 


F*e*u.eL,'Cp = 2.s 

ik IP 

r| 

FINE: 


J 

Ratio of spring 

H 


constants k,/K 


Strc.i6S . Ip. — w-. k^. 
TAI-TU-CX. fe p = fe,4-it- 


7.IZS 4- 




FIND’- 


PeatCD= 0.7 s, =. -c 
Arnre. fe x i<. v?eHOvet> 
PeR (Oo= o.qs.-s-'C' 

(i'l 4.1 

tb'i Hass of h 


|i,. l 2 kN/m 

Jl 


19.23 CONTINUED | 

C0.fc04 < ?H-4.+l‘2')= 

J!e,~ (.338 ien/tM 


KVl 11638X10'-^') 

w\= (p.qsyVi.gaexio 3 N4v,) 


»V1= 37.7 k 


19.24 

- 1 <S!V£N: 



Period foR. ^vsxen ■shown 
is 7T= l.fc s 

PeeioD Arrre a 7.43 coilar. 

IS PLACt L ON A , IS T = 2. IS 


ta'i Hass of A 

Cbl k 


rNiriAu-V tr — 7TT 

\TS./Ma 

AFIFR. 7 HASS IS AbCfOroA, 
•2.TT_ 




= 2.1 s 


it 1 > 

^ V 

/'Ll V= w/*±„T_ 

kl.fo I VYk* 

(|.722tV'via')^ 7 


IfV'A— 4, 


fcf2U'V A-t-e NT S P RINGS 

Tfe, F .= *. S 

0 f* F.+ F > .= F=ite , J» 

fee =■ 4(+-^z. 

Ca'i Both Springs r= ~J-TT = 0.7 s 

. . \J A-c/lM 

tiMW - 

£ = Q.7 =\ f~£< -\/ -fe. 

X' M V fee V 4 . + K 

0.faO4<?= Jbj_ 

4,■*•'■■2- 


T= '>-11 

^ fe/WA 

4 = (2)rf(ii«AV(c) 1 ' 

4^ UnV 1 W-fc^VCus^ 

4= 14<?.4-i^/s 1 

4=- 144-4 Hl/fti 
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19.25 


MMi 


For. -system -shown 
pee ioc t:=o.2 3 
AFTER. Ie x is REMOVED 
AND Btoct A IS OONNKTEE 
TO A, , PERIOD C'= 012 S 


FIN&■ 


• 3to Ib/ln 


Cal') 

Cb") WgiSHT OF BCOclc A . 


’^.c/wia Y(M*VOu}Ub+4o 


C. it, ALONG" 


■springs & And b Ati.c m Far/nujgc 

Ae=^0+i o = a 02o ll»/ffc)=2¥0 Ifc/ft 

oC= -fc-e « "i qo 1 r .i£t_ v 

(|oolfc>/32.2Rt/s^) 

lO« = '77.?0(^'Ao/s') , - 

FEeQQgNCV OF NEW SYSTEM 


5PR/NGS A,0 AN0 C ARE IN RAEALLS"C 

(oj*')*’— ite =. (^qOi4. e . N )('S?.2 -ft/s^ 

IMAtWii C IOO lb+ So ItT) 

(uO= (o.ns'OUqo-A Ck'') 

uj* -k*>'S~ 

T7.zs= Co.ns‘?')(7qo+-iL‘ > > 

4 C = iur? ib /-r-b 

4c= WZ-0 Mo/ft 




r/c‘= o,-2/o.it=. I.fc 667 , l*=2olb/i* 
(20 tb/m (|.C*4.67S , )V£,+2 o Ib/i* 

&,= 3s.fc llo/m. ◄ 


T- _ Ma=YJa/« 

\ it, /W A 

bAA=('C , ')^I fc,=3^fc lbAo.-42t.7li 

(alTT 1 - « 

W* = ("32.Z ■Pf/s' L Vo.ns^(4zt.7 Ib/fO 


V/a= ■S'.ot Ib 


givcn: 

Wa= loo Ib 
lt a -A 0 = ^ = 120 lb/ft 

Fte^otNcv RehAiNS 
Tfif SAHe loHEN An 
go lb Si-OOfc is AODSO 
to A Amo a spemtof 

v.’3‘:rr/.' r £ c is acpzc. 

TO TH£ 2 VST6 M 


Find; 

-JL 
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19.27 



19.28 


19.29 | 


ElHCJ 


^twic DsFLecnoN opine FoooP- of a 
Bou_ding> unocji An Sjloo- lb Pitres - 
OF HACHlNee_V FGJOALS. S=- 1.6, u n. 


6>IV£SJ 



L- IO -ft 
e- r9xio b u#/i«' 1 - 
X— IZ -4 in 4 * 


ta") CQOIVAUr NT" 

•spsims constant 

Ci*> 

tb') Fet<?ucNc v of 

__ _ _A J~z o-l(o fa p o- At B 

C<& p= te £>a Se,= PLVier, P=^g.) 

A e = ^er zq* >o IU/im z ^ Ctz. a 

U3 


.e= ^ 4-3 lb/<. 1 


JL = fcZ 4 .*i Ib/ln. 


^ = \J Ike. /M 4 e =b ' i 4 .iU)/(M 

2TT =• 7 4q3Xl0 3 lb/ft 

V(7 A 1^X10- ife /ft) IKC2Q Hq/tiZZ fi/s*)] 

2TT 

■f iri = 3.4 38 H 3 


(A'l G<?UlVAU?NT SPElNG CONSTANT & & 
Cb'iTHe 5 PeeC> in £pm of the- hachinPB.Y 

THAT SHOULD BG AVOIDED SO As NOT 
TO COINCIDE WITH THG NATURAL 
_ _F gfCPUeNCV OP 1 H 6 SVSTE M._ 

yf \N=y 8 too lb/ (a') 

£r/^ ^ e " T= 

© lib 110. 

4 e* 3*130 Ib/lM. 

(bV - - 

\n = \/ Jze /pvq = I «S*I 30 xq lb/ft") 

•a-TV V C*S2QO lb / Ba-Zffc/S 2 -') 

a orf 

-riA — Z .473 

I Hi= I Cvcce /5 = feoRPM 

5 fr 3 ET>=fc .473 HzV fcp Rpp)' ) ^ ! 4 g 4 ( 2 PM 

fi¥ 


19.30 

CT/GN : 

Foece-BeFcEcnoN eQOMioN Foe. a 
NON-UNCMt 3 PPIN 4 , F = s\' /| (n ,*0 

Find: 

(,&.) static DeFtjecnoN % Q UNOec. a 
IZ o-g Block 

(b 1 ) Feec?o 6 NCV OF VI BEAT ION of THE* 
Block. Foe shall. ojcillatiOnS 
_ _ £L X* ____ 

(.<0 Mq=(o,u6jfe<}H < M)l*"/'S 1 ') 

m 3-bn|= U77 N 

X I ( H\^ke F-VW^-S-Xo 

/ 1 '‘ cix Lx -a. 

V 1 _° Xr (LiHVfl. 0554 m 

o y o y_ \ % ) 

%v~ 5*S*.4|vivm 

(bi KT X. /dF\ =. :£ OCoi^- (.OS^Y^ 

Uxu a / ’- 


dF \ = 10.11 s n/m 


4 e = 10>bl8 N/w 


& 


$fl=\Jke/r / i =\/(io.<o(8N/wy(.izo4:^ 

"7 TT V- 




■£* = 1-4411 Hi 


-£*= 1-447 Mi. 
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- 600 mm — ►{- 300 n 


k= 4oo M/to , each 
SftlN 6 ,,T£N^ 0 H OR. 
CoHPtFSSloN 
MeaurcTTHe hass 
OF 2oD AO 
V. 

(.a.') MASS M HT c 
0>K^c > Wvf 6 is 
HtPne56t"D 4owMA*»etii* 


4 > 


0 . 4 M 0 . 3 m O.JTtw 

M(o81e° 

WCWTOMS LAV ) Th*= — (o. 5 -vfeeMo 3 ^ 0 ^.ftflofl© 

(O.S'wK^OO w/w') ©- Co.bq Im"') Im © 

Q +(4SOW'IO) © =. o 
0b4 im^WA 

LaJ^, = ( ?Q 5.1 'T^= 3TT =: 7 tt\ / tv\ 

Wl Win V-703 I u/ M 

r^= TLul 

urrV- C'ztt')’- 

m=- ((c.o .3 fee. 

(b'j e = © M SlNlUJ*tl-<i>'> Ui— otsw—— i 

ATt=o B r _ 5 ____J_ 

&=( a Q4to' ) _ 0.03(>3feg»t> L-'~ "VT 

TT C ^ ^ 

g _ 0 V-gTO CAM @t -o 

, V ft - o 

O.OSfciC — ©i^SlNcp 

O = LO*<3^COS<b <^> = TV/ 1 _ ,^^-0 03feSfctAD 

e= luvlt$^ 

U3^= \ 1 &se>~) = Z.o9H- EAb/s 

N (•MMjfcoa'} 

f>-(.0-03b36>)(tM mk)CM(i 09m -t + ir/j^ 

©M^=4l.03Mi(o0Qu':= O. 07fc l 3" RA6/S 

^^^^(o.^coXbH^^ 0 -800') (0.7615) Eao/s') 

_ COeV = 6 . 0 (,oq Wi/s 


19.32 

- 1 Given: 

Srr.SrwiC bisfUrCTlON OF A IJt>H ONIH4 .oAb W 

5How; „ __-- 

_I“lir _ 

| W _ 4='^/Sst 

10^=1/^= W^il = $/Ssr 


USIN6 THE BiMOHIAL THtOEttl, Vue WEITe - 

— 1 + — SIN 1 ^ 4* * • * * 

IwHeQj? VNF NetuFcT TCCHS. “FoELDfO HIGHER THAN Z. 

■seTT.Nci sin 1 4>= -L C*~cos2.<b'), Uje HAve 

_ ’ I 

'£*= 4 \J | j (j ^4 SIN '%iL^ 1 ~ C0S,,< ^] ] ^ i 

^XTT 

= 4 \JT [ ( 1+ JL ^Gv* -.1 We* cosz^j 

= 4 \J1^ 

'C^ZTTnJ”! (.'t^SlM O') 


lliiU 

-r w =^TAfX (l + 4 SIN <=£ ) 


AttPUTUOl? © w OF A PevtOoujH Foe. 
WHICH THE Pee.lG0 of A Simple 
dcnoolum it> ^ percent longcr. than 
the Peeio'i of t u ? SAne peNtiLiLu* for. 
•SHACU OSClCLATtOP 1 ^ 


Foe "SHALL OSCILLATIONS (tV^- ITT^ 

Vie WAMT / T: rs = I.OOs(C^) ft = t.OOS 3 -T 1 \| i~ 
USlNS THt ToRHOlA °F Peo 6 M 33 ( LOS - VIEITC 
^=(^^(1+ 4 =* ' oosrn^ 

sinewy - 4 Q oo 5- >A = o. 02. 

SiN«^, Jjyi, 

®JT= 8.130° 

"S- 

e>wi= \b,3 0 
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•19.35 | , givem: 

DATA OF TABLE (<?. I 
PfcNDOLOM ueNSTH , C.= 7S"0 IMHO 

Find; 

L&IPeeioD Foe shall oscillation's 
Cb'iF^eioD Foe AHPLiTUDe s^-fco* 
_ (O pe e top foe AHP u njoe 4o° 


19.37 CONTINUED | 

In MOTION 

(0.1 'l [ fe kC 0 H e v (S irU" wg 1 +1 ■4 Ike (l -4 6 1 tW) c ] = 

-iK-(o,i)(iviO O') 

Bot in eQoiuseioH CQ'o'i 


|_ ic) pe e iop Foe ahp u iudc qo° but in eQoinseioH CQ-oi 

col x*= aTr\|~£" Ofq. iq.is foE-^hacl osooations) *7) ZHa^O = 0.7C&.tj(SsT)er'A' , $]'H.4 4 -c.C^stV (X 


't v . = oTr\| oTS'o^ - 1,751 S 


HaiW/S*- T*=I737S 

(b) Foe LA KC.E OSCILLATIONS ll.zo') 

Foe -©^fco® ic= i.fo8<o (tabl? iq.i') 

= T-Ci.feSfe') ?i.i3ia b -1.86 h S 

'Cjbo'>=». 8 W 5 « 

Cc'lFoe e»*r=<to° H= 1.85-4 

/ tr Vi - 1. 0 8?OCl 737^ = Z.OS S 4 
_1 TT 





IS 5UBSTITOTIN4 ui INTO Cl''* 

Ltn. \s.zo-) I (A t 0.7 Wl&t + (0.7f4 e © = o 

= 2jc (l,737S^ k|M6HATIC5 Co^e”) 

tt 0^.= Q.7o< =. o.i e° 

.e (< *. n 

nnab =1.86^4 . [£+ wCo.ffTS KCo.ifA & H(A)\]e=^ 

'€Abo')-i^5 < ^ T=-l- yv\£ = -^Csil^0^^ = ci.8'Wft.3- ) M'*- 

£i^Z.os S ^ (.lf-(M=Co.q<l w?H 5 4z.^) = 2 4S4 <}-im*- 

(0-7) S |k & 4 Li ^YA^r- (•4‘l^)t50oN/^4(i^fc^ I ')4'Coi/' 1 

SI 

[0.8IC.7U.4S-]© +mi,0.2© = O 

4- C ^CiO.7 N © =. O 

<.-a.Zfc. 7 i 3 *W V ) 

C-tL = 

G 4- 447 © = o ^ ^ 

'Hr \) 447 s' = -2-t• 14 EAO/s 

iL : -£*,= 0^0 * B.Bfc.Hi <4 

S'-ftg EOO AC -3-TT *TT 

SPElNfc. B^nJOoNl* (b^ &- & 

sPemtc>lk=02oN/i* 

(.tthson oceonO © =(.©„,) ( 10 ^ tos (w^itd)^ 

viHeneNP c 15 , HAnhoh AngulMZ velocity ki^ G^ijJ v , 

OCPP.CSseD SUfcHTL^ 

lalFZGQOeNCV OF HiXIMUH VI-LOClTY AT C. 


«.4 © m -M*U®i**(w*> 


THAI ITS HA%lhUH a - 

OmA 


(i.4iM')Cei nead/s') 


- 0 . 030 m bap co M =zu4eu>/J 


Maximum amputoos at c. 


(y. t ^=M ^Hg ^=( 1 . 4 ^( 0 . 0304 ^ 

O^Vl* 0.047.fe vw 4 
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$ 1 VEN ? 

750-^ too AB 
ie.- 3ooN^wi Foe. 
each speiNe, 

Peeioo -C-0.4S 

FIND: 

(<D Mass wi of bdocp- c 
Cb) HAxiMOH \JELOCiTY 
OF 0LOc.fc. C IF 6nD 
3 15 DE F6E5S£ D 

_ _4 o mw And eatAseD 

M— O.Sm - 4 ~ 

= _ 

c= ~ \ l 


19.41 


r— WX) mtn —- 900 mm 

_ _ _ _ A O WITH AND Efc t tASel 

^ MJ»9 A ^-Q.g m —^ 

_^ | ^ -4 p— QSfn _ _ _ ( a A 

i | ^ ^F- I Au ^ C—<^1 \ 

iru-fcMOw 

0.8 (M2 + 0.5S'|M K ^-(g),S')UF 3 ^= I«+^Ds-5”)W e (Q t V 

r 5 » «. ^O.SQ + Sst ) O') 

But t\r equiueeiuM ^e*o') 

J*.C.'Bsr') And Z Ma = o 

Z1Ua= O-feiMg +o s-s^ r ^-(0.tV 2US St -O 

'SuBSTiTuTe <X) INTO Cl') 

I* + (o.s-^iwe. (Ot’Vcl fo.8V»(kVt (o.sfz 4 6=0 

<x=if feu.VKo.jsHe) (k\-(&,8Ke ^ 

X- 1 WoCt = i- (0.7SO&q') UI t*iY‘- 

Hl l-U d 

1= 0.075-63 n*' 

fcl.0756.3+-(0.55^(0.7SOV(O.S^IM ) ©V (d.'S'fU) 1300^6=0 

© -r ( ISO K).w) _Q - o 

C).302S'fc.g w l F(o!t4 IM 

= fereL’W(pj*~ =» ^ - 24E.7 (sO 1 

04 s>Y*- 

. )5o H-IW _ =Z4fc.7 Cs , Y' 

(.O.'iO'Z.S te J W^t (u.(jM IA\ 1 ') VV1 

(50 N ^ Z46. 7 iS*)'[p.2Q7rA.J m + 

m = (150- 74 . 14-V^ _ o. 477 tq 4 

(ZMb.THfc'OOW'D 1 ') 1 

^(P* W(o 8Me V* e tt =ii-wi 

l.l (• I 

e= © M iiw(w v ,iT ^'5 ®iflA=o.o3fc3c, tad 


Qiven: 

$-&<j Eod AB 

I2-.1L DlSfc OF 
tAoius 0.4*V| 
DiSle IS dtC/Ot-Y 
ATTAc«trD TO Tft 

Eod at b And c. 

POINT B MOVED 
DOWN 0.025 W 
AND eiflfc'ASeb 

fi n d ; 

(4'(The PeeioD 

Cb} Haxihom varnr 


2 F\a & C7-M*NefT Fj=- ^Co.ta+SsT^ 

^ m 6 ^j. (l tX b y,F0.fa^ e X4^ D 

4-1.7. C*aO Cft.0 6 CO 

AT EQUiuBtlOM F s -l8»T 

2^= o=-o.fc(ivi6.a.-4CSsT'))+i.xwiog Cl") 

oUBSTiTOTG CVi into O') _ 

(X 0 ir t> ')O<. +0.b rviK^B-F ».7Wlo(]0u\jt-«&.fcljfce=O 

oZ= S’ O.fe s (00 D = '•^-’© 

Ii-J- imJL’-s J- C8')CA'7Y , =. o OfaO^q-iM 

n r a 3 

Xd = -L in» 0 S?--4('OC0.4-V= o-9foO ig-i*i 

[(o.qfoo + o.lfco +(0.tS L C«')+Ci.T')\it7]©t (o.b'l^foo'iB^o 

Q % (£%i£ y » v 6 ~° ^\Fg£=^zr( s 

r M =ZJT = 1.740 s ◄ 


< b ^ K)hm= ©M= *^6 /l-2. 

Ofll 

e= ©i^ oin (.lO^Ctci)) 


©M- XSll =9«M39A t> 

I. z 


l.l l.l 


®9vi = 0.03fa3C, TAD 


© “ ijO w COSCUi^l ( 

&::A\“ O^lOy) —( 0.O36>36^t7Mfc.7 s ) = o,5"712 Ead/s 

(?Jt\ - t0.8llV'V.57l3 5^ =0.4Sfc<! w bJ 
HfV> (O c W r4 S7^’ < 


.©= © w ,u)*ico5Cu)«-tt<b') 

e 

©mak = © lv> uJirt=(oWZ083K3.fell') = D,07524 TAO/s 

C^b ) H ax = ^MS H »,Hl.lw)(fl.01SM) Wk') 

OJ'bW^ <,0 * 2? ^ 

^ A> a ) Wfcx = qo.3vn/s 4 
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19.42 


19.43 


atgeop ab 
\i<t^ disk of 
eadioS 9.4 »v\ 

PlN C. CUrMOYfcr 0 

and disc can 

BoTAre F£eei_v 
ABOUT Pin b. 

point 0 Hovtfc 
CjOulJM O-OTSvh 
AND fctUfAseD 

(a.'i PeiioD 


too-lb FLYvN HeeL oF 

EAOiyS OF6 YCATIoN=i» 

Jk-ys lk>/in. Foe. tA<n 
SPE.IN6. 

POINT C 15 POLLFO 

ro rue eis kt i m. 

ANB BlsbtAseD 


FlNO: 


ta}*Vfciob oFVieeATicM 
(b) HAximoh ANujcAi. 

_'JaiC£Li_JF THE FUtiQto 


Nore; this peoe.(.tVi is THe samf as pe.oB iq .41 
excepr that thb bisk. Does not botat^ 

SO TMAT THE EFfecTlVe HOHENTx b u>= o . 

Z MA=C?>Ueff Fs = iLCO.tO+Sax!) 

4v (o,(> ^(wiu^-Fs'i+l.lllvijj^ IT+£),fa 1 (^ 2 )('\\t, 

-Tl.TONcHlit'lE if 

At cQuiliBPioh Fs*Mci.«.T 

2LI(a~0 •=■ 0.£» (lW t <}-S>vr^ T 1-2 M 5 ^ Cl") 

SUBSTITUTE (V) into O') z 

-t* + 0 ,t w*ia^DTi'2M D l&tV + to ( >')l_e -o 


*=& C&o B =o.ee (0n.^= >'Te 
Xb= ^iY\ e JL^^(eHi.2y i -o. £ ?so.&<} im 

[o,<Uo + (o.bfltfH CixYV^eKo.bf(.'i?oo^e=o 

U3 v ,^ 7 =3413| 


T*= 21 =2® = i.ioi s 
Wv> Vfa<T5 


5 ) ^bWx” 0'^C^\»vbX <©*va = H[b_ = .025 -0. nice EM 

1,-j. Tiro 

^©mUJiaCOSIW^^ 

©b- A y= ©imLO m = (b.OlOtiXi.C't2>= 0. 076 94 Iffco/S 

6> 6 ) MM = u^xS^-ta'io-iwO* fl. 9^33 

= 42-3 l^w/6 ^ 


Z. K>-(tMo', eff 

Fe" ^ ((jJai^-2© 'j FB = M. (.2© + ($4t')b") 

^ 2Fc-»Pb-x4° 

1 Jl\.CW\ c"^el - ik UW)q+26] -X © CO 
At ecsoiuBBioM Ceres') F 6 =4.(S ST \j, ( Ft*-ft.($«\ 
?Ma=o = -zie.CW^ c -i-fe-CSsr}* (X) 

SoEfiTirore IZ'I into 

X© - 1 - 84.0 = o 

£= uvi ~£*z (C,oo<bU2o/nJ^' 1 ' _ si.7fe lb ■ft-s' 1 - 
(Ba.T.ms" 1 -) 

4.K^t“)Us-xi7. IW^= tzoo ib-f-t 

U^= q 4._ HQ_Oib+t = \3<U $-■*- 
£ tTtTTwTFs-* 

^oi, — Tiftf - ~ °- s '33 s ^ 

(b) &= ©vv\SiM^u)„t^<^^ 

4- <IOS(U)*tt<^ 


l«vx= Vaq.' 
= 11.74 


= Xc/V = 1/12 

~2_ 

A=. 0.0^ [Cal 


^HAX = (O.omIclM 0 . 4 m rWs 
u) = 0.4QI tad/s 


512 









DISH attached to a 
F ftjcTION (JESS PIN AT (T.S 
cesnereic cewree 
As stiou) n 


WeiGHTS <jJ AT A AND 8 ,AN 0 DlSfc W 

Foe e> = o s Pfeioo = r 0 


anolc p roe. a period of zxr 0 


(. 0 ^ ^eeioD of shall 

OSC|U_AT(ONS 
U>)LfcN6Th OF A SlHDLf 
PtNOl/LUPl OF THF 
Same veeioD 


j>.0TS*nn 


^Mo-CZ-MoWf 

(+ -nr\ H g (o.nsiNe =i 0 © > -X„ ©-Co.iS*W» H 9* 

= StTT^—(stT)(.*^''^>04)TTSt 

= *sttf P-® (strata Ois) 7 ^ o,oos-fcZS^Fst 

X t >=^W\ D t.’ a '=Xj;' 0 ^TT§t'iC 2 -V=- ?00 FI 6 V f t 

Xft- -l^hah r^ -l_UO ilaisnftXo■&%is.8MoVet 

all angles e 

(•8oo x.lo^r - IS.feix io vC-lo i?(0 00Sf.is’TT’jl&eV 

(o. oos-fczswe^ (.q.ftftCO e= o 

7Z1.<* JWO 4 ©+- 5.5/ftAlo" 3 0 = o 


f+ w FsiN^-e'i-wr sin (pte) = 
rL , 5iN(p-e'i - sin (pieY]= -iv 
siNie^e dt- re 
(zaOvY jy v -1 ;©+ fcwrco5|3)e =o 


pavt-xcA 


eepec T-o FiGUfie IN PRoS iq.^sr 
A Rove - 


Z-1SZ 5At)/j 


Fin 0 


FROM DtRlVATION IN 


d= (T* 

£4?.75-3)ATTt^.8l^/s l ) 

£=■ \-lH m 


zq g aos fe 

(Z4 l W/w'iT 


C4-T3/0.IK4/IZ') 
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thin wiee, JL= 12.-ft 


(&') Period ofehall 
osciu-IKTIONS ABOUTO 
Ct^DlSTf'MCIs C FeOMO 
TO A POINT A FROM 

'tf-'CS THE PcATe 

CtioucD es suspended 
To hiMiMize the Period 


(a.) PeiuoO About o 
(lo) Petioo ABOUT a 
POINT ATTHe HIDPolNT 
OF ONE OF The 
siDes 


^=©° 

OG> - Q. fz /? 

A A M i V _ 


2-ho )e-ff &*.»(pG)(oO 

— OG- bVI/Z 

X-^WI b a^Ab FL/z') e 

4) Ni^iNeHM^ = iMo t -foe stue*.e 

bfr/^ M (.bfi/T^S 4 -X ivi b t ©T(b'Ti/z'|WWj 0= o 

(^(4. + fc') w © +* 

|? + 0fr/V^ 0=0 b' o.3nv\ 


FoR one RFC, (. ^V*" 

Xc 

Foe CoMPteTC frahc 

a _ 

- kV!^ iFv. SIN© -V (fcvi %INe%Q 

(i +-4)iv\il.^0 O + lvi^ifi-/i9=o 
'C. * -2JT =r TT _ =2V \ ( s-a.ifi) 


%wh&i 


Zh*=(ZM*) ef f at=CO6,-cV 

/?* (p4-c^(siNeMM£V-(oo<V^-;f 

((jD -o') +i b l ) nvie +-,£& -c) lr/ia 0 = o 
o a. * 

(CrvV - (y££ =. 4TT z [(brx/ 1 -cHb :L /fe] 


(fc>) FOR FUAKC -SOSPeNDCO FRoH MlQtOlNT 


F&e hinihom Pteior> dfcjl 


= 0 08 
c- sq.ivw*i 
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UNIFORM CCOICMte.A,U 
T6lMJF>L£ OFSme 4 = 0,SW1 


LA'iPe&OO IF PLArE IS 
SUSPENDED FeOH ONF 
of its veencFs 
(.b'jpeetoo ifplatc is 
suspense d FEoHTHe 
HlOPOIkfror ONF OF ITS 


(.-0.4,5011-1 0 


X.MA5S 


JT= X imtr'*’ = x (o.lSOY \m = ho 
"3- 5-2- 

fi.cA =O fcSO <*.= 


.V.WlASS 


TH6 DlSt 


t\Z£t 


IS, Feetro HOTMF ANP IS IN 

oue.viuNeAe transiaton 
thus is*—o 




~|m(}QsinO = finv»a.t *sme^© 

© F d Q-O 

uj* = ^_= i^o^z 

I 1).C,S01M 

uv^ss? *c..asr-|t-ur 

U)/v 3 685 

(b) When the oisic. is eivereD at a, it e 
M" AM ANGUCAK. ACCttt'feATlO N C* 

Zha^CHeV^ 

(X -w\c^JUin© = x^-t dwa-t x = ^v 

(■^WvV’-F ©° r- ^^(e = o 

io^= 3 A = C9. , 8( . 

C^Vi+lH [(o.ico x Vi + Co .fcsofl 

U>^= -3,T4q Y(s 


~vr\d ft isjNe^rtx-^lf^dLe 

"2» 3 

wg ri/3 H Q — o 

( nU4^ (g St Hv>/s* \_ AS .31 S 

“S' v. O .’S^'T 

0.933 s * 


C.+ ^ I 

in 0 = (Zbo^cff _ sin® =r 0 f 

w=fl-<3/^- 5-wf/tt C-k + tet)wj(V+wi^|©co 

(*)«=• tl« = 5-t.feS S' 1 W m =TS7S8* 

ll O-SUF, 

^- r = 2IL = O.S3SS ^ 

arirfe 


19.50 

ginw. 

MM 


Eoo AB OF NeSU<M0ue 

■ 1 

1 

mass attacmfpto a disk 


k 

OF HASS nn. AB=JL=0.fc5om 


LJ ,\x 

V'- 0:25-0 m 


1 

Find: 

a m 

U r “ 250 mill 

Th€ PFllOD OF SHAIjU 

ffi- " 

Jf 

OSc 1 LX. AT IONS IF 

pt.‘ Al 

J 

CaMKF 0t5fc IS FCFl? TO 

V 

Jmt 

EOTAtF 1(0 ABtAElNS AT A 



Cb^ THF DlSfc IS 61 VtTFD AT A 
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COCLAe C WeiGHT,Wc=-Zlb 

Eoc AB wei6HT,Wg.= 4>lfc ( L=3-ft 


Oohpoond pgnOOlom UJHtCH 
oscillates a Boot o 

fe=CeNTi05M. EAblUSOPQVeATtON 
G i=feVF 


PeeiOO OP SHALL OSCILLATIONS 

when, 

(.Cl) 6 — U ft: 

lb) d= 2 ft 


PEElOb eQOALS TH6 PeElOD 
OF ASINvPLG - PcNbOLOH 
OF L6NVCH O A._ _ 


VJ r sin© 


?sme = »viCe vimT?*© 
9L_SIN0=O ( 


W t L 5IN6-VJ d siue 


■SIM©*© lX=Q ) (lj[ <: ) e =ioi -^© N (a t \fdo< : 
(Xfc + We^Vwcd'*-)© 

Xb.= +L M(l Xgt WaOON V*te.V> 

•& 

Cw e i ?/3 +w c d*) e +(rn ft g i imc 3 d = o 

« 4(Wi+^d^<i o-o 


FbE A simple pendulum of length o h~<L 


COMDAfclN© EQUATIONS CO 
ANt> (V) 

c.- 


COHPOONO P£NOliOUh AS IN 
PEOB. l9.S , 2 SHOWN ABOVE 


SHOW THAT 


smallest PeeioB of ooc illation occoes 


■See- Solution to ProbiQ.sr. F 0 Rt>ee\v».Ttow or 
15 <• j r sin© =• o 


TJTi/ CH-dVs') 


For. small oscillations sino^o© Anb 

For. "shallest T n iw£ most have TtA K 
A Minimum r 


vd+^cs^ 


(b) d=xft 

= an\/ Ut4/3^~ 
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COMfOONb PCNbULOM OF PROS. W 52 
sospeNbeb fgloh A 



/vwv 


[4? K H.iWbXU) 


F<,=(o. 14,50^ 




0IfcSfM \\ _ 

\4l; 


X«A X=0.O4i4.1 


w>(S M o4=. © 


Ot-b.0404 
’0.M6 
■siNea e 


6 a .. 
r\ - (o.ifcs-^Ao+o^Mge^retto.o^wft 

(0,Mlfol+0.0iZ80')S4<D.0iTa4-0,3Zq'>e = O 0) % 

(.&') hc.~ 500 NAvi f” 


li* ? =e - 

V~ ft t=k 6 


Z ^ •siNe*© 

>«S> 


Hilts 3DDnW • .1 Tu «T/h\ .. 

O.OS44T ©41(0.47')©= O fc L Q * „ Z *“ ^ 

UHi — (\j 10,47 A).05447 ^TT= 7.21 Ha ◄ *» [ rv M^ _Zfe &?] ©*^0+^60^ 

/, v „ _ . Vv 'bo = *'''^ c .—ha Z&o=Ik,=I=-.L-iivii> 

Cb) Foe'C ts -> OO tO^O OSCILLATIONS WILL. ^ 


(JOT OCCOt 


Faon equation G\Wv,= ■ too?t<4n ; 


07777fe.- 0 ^z.^ _ (|+<ij>C 1 & + t2a(.< i ^-W3Vl© : = 0 


-f = COm /m= \ / ZCsoo)(04^- Q2Kq.SlX.4^ ml 

v (^.X^Hcxay Uj.*^5 

-fV* o.<?4stfe.^ 


<3l^.£.K- 

tv\- (Ifeq Poe Ac. 
*v\= \2&| FOE BD 
L=o.8tVl 

Jb= 500 U/lM 

i- find; 

FeeQuencY of small 

OSCILLATIONS 


* j^vaSm \ 

x^ *"4 SlMQ^te 


CU Z.M<rZ.Oi#W -z&b'e-iotF^wioC 

i+h>|b(=i^ loS V> x 

-^VaIo 1 © f +a(Jt.b^© = <D 


Vv\q h_ ft. 


LeViCl H OF THf tqjvJWALLNT 

•SiIMPl£_FcNDOLOM is 

V/F 


TMO& THE LtN&TH OP THf EQUIVAlXKT SIMPLE PENDULUM 
IS THE OAME AS IN PfeOb. I<?S"2 IT FOLLOWS Tl+AT 
THE Pfc'BtOD is THE ANOTAAT mt MEW ceNTEt OF 


rtOID THAT: 


Peaiot> is the same as bffob.6 and 

The NEW C.ITHTE®. OF OSCILLATION is 


4s-ib sgoAte 

Plate with 
i.7 h stoes 
k= 8 VbAn. EACH 


Ftt'QoeWCY OF 

vibration 


C-'VENi 


»iQ BAR AB 

fe= SOON Aw 


(ft^FEEQOeNCY OF 

small. oscilcatioNS 
(b'iS hallcst it Foe 
which oscillations 
vJilc occoe. 


'9 = 


SAME OellVATlON A5 IN 
PftoB 1*1 S"z WITH P 
Bt'PLACEO BV£. THUS n 

® * $ B- 0=0 
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Ko& ab LeN&TH fi.-o.fcro* 

Hass of A6 is 

Ne&UGlBLe 

F'B is c>»sp(-*>ceb 2.° 

FtioH the Position 

SHOOJN AMO ReceAbCD 


EOD ABC OF TOTAL 
MASS W1 


Fte^OSNCV OF SHAH. 
OSCILLATIONS in 

reens of tvi,i and 


HA1MH0M VELOCITY Op 
A IF the OISF \S, 

CMFC.Ee TO eoTATc ABOUT A 
Wpiv/c r eo TO a p at a 


J[=o.fcsoin ® 


^ ZH b =- 2:CH 0 ) c „ 

^ .k sin©- p^yj Lease -.4 LO-O+SsO Cose ^ 

* 1 BlS’ + leaS A. 

h»AL e + (mil -4L x e -4 l x $st=» w>g l * L v« 

<F 4 "lx T 

Bot fob ecjuvuBtaoH Ce-o^ 

ZH 6 =o= m <}l_-A.L 1 Sst U') 

SUBSTITUTE. U') 1WTO CO 

(mat -4.L 1 ) Q - Iml*-© 


CM the Gist is Feee to botatf a wo is in 
CUB^ lUNEAe TRANSLATION . THUS E<*=0 
■^Hft^ZCHe'Jcu 


■SIN6XB COSG'VI 


•r - IM^Jl'5lNB'= (ilMCLt 

lv\JL x 9 +wi^i.G=.c) cu * = ^ 

fpoh (9.|7,TB6 solution totius equation is 

e=e IM siNCAVU < 5 >^ 

Wl t»o s ©= Z-JL =JT CAS .4 = 0 
' 180 To 

4 - G w iO*C0SU*VU<t>') 

©* ^lOv, dOS ^ 4>= ^ 

[ ^©w,sit<o + tfA 

0 * e*-r» 

siN(u)«t 4 r 


THUS © 


(«.\,..=(oki> «•)%,) ci^sss;^ 

C°«.W s<l ' Me,s ' Mfe »■> 

[b) Fbe oisp- BiveTfe'S at a (i<* incloolp") 

2H Q =2.(Hfcle^ (i -IM^C-SlNe =io< F QlMd-fc 
U WMf l »-Wlfi.*Ye fclMCI 0.G -o . 

* 3 (*,*■». |4 _ 

©=^L s»N(.w«U IT'* "Fvm> 

V«-Ous&wvWc q.ecWsOtola> *0 _o.o8s-iwi/s 

(A^Vi +6.fcso z W- (aXW= .i ^ 
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THIN VJIE.G OF SIDE 

CORNER. & POSHED 
OoU)N O.faw. AND 
tecEASG D 
Li 

C^UAXiMOU VELOCITY 
OF Point b 
U1 coeiesPONdN^ 

hA&N ITUtJE OF THE 
Accei_££ATioN 




I=-L l/Mfi. + W\ 
IZ 


0<-© CU= loc- St U 

^ a. -a. 


'M = rarAL MASS 


©'JCSIN© 


Ci ZKo=2(^Mo\({j - Imo^SIh© ik - X *c+ 

+. i &~a 

'*?** TT5- m $1=*(™M')= 23.0s 1 - 

^ u 7 ' i.(. H / 

LO„= 4 79fc cao/s 
la^ 

/f====== ==== _o \8 ra-^/iG 

Ya“ 

¥er (*»»£"< tux.lt 40 

AT -fc = a y--o.fciM = o ospt 


oven; 

THIN VJiae of RADIOS 

r— o.zz o ha . 

POINT e (S PUSHED 

Down oozov^and 
HfecfA-seD 

Find; 

_< O r AT 8 ^ ._ _ 

-Sb 

• =1 

\ >/ 

>{v . 


Let £= mass pee. unit leneth 

then total hass w = S Izme nV\*§ Ki+tO 

ABOUT C VW^C= O + TTFE Cj- 

Vg W ?rC»+iT)c« -zv^e 


u-.TT 
d IT 

<P ZMo=Z< s HoV 


Cz+tO 

. aO 90 

0(- G ^C^co 


— iMgC SIN©=XcL+ IVIC-CLm -SIN ©* © 
(S+WlC l ^-tV\^C ©= O Xo gT TMgC © = O 

Bur Xftv»c 1 ‘=r 0 

■^O — tl»t * ^-^-oVlHe ^t<lic!^ 

^s-o B e= ? irr *W~S**' ti-jVL 

KZtlf} 

i a -s [nr-r x + zi-.t-^l =_wLt\in-i] 

~T UiTTl'S 5 

tarM ^ } Q + ft\q 3£ © = o 

fo+TTl 0 o (titTi 


(jaffrl ° Utirt 

oj^= z< 3 =. - zfq.si 

(tt Fl^r (m i Xo.hodmI 

UJ*= 7.1.47. s’ 3- U)„=4 <&3B 6AD/S, 


i=o W v 1 Cos(ot<i)') 

xa=6.QJH=(x 6 ^ SIN lo *0 0sfO 

C^bX = (Vl M .u> M ^O.OSPt^^ TqfcrlsVo.IM?^ ©= ©^StwlUvL-'<&) ^ fc =r© 

, v . y B =' re iv,'SiNCu 3 tA -u^= 

(b^ y.B=(0.05ft^ iiN\4.7H(„-t-iii/i^ 5 A-t=o ^ 6 = O.OIwt ^&=o 

Xa=fo.OW ft/sWos»(4 •tffet'n') 

^terHb-QBS ?tfe)( 4 -'Mfe 5 W Gt.-ACfc* £^ 

llAn veoooiv ^meN(4.n<H>-t-l2 \= o oe.* B =o 

° B * and y B = M*® | 

(Dt AnO Y = o 

•*■ E> 




o**<. 4 fcf/ v / Ao.fcH)=fo.cnie0fttf) 

a b =fe< * &.&ii«sPfcfs=M«!&.^ 


£e. = °=(^aV^ s to+^ N ) 

^ & =o.oz = ^ b v^iM(t>fini ^-o.02w 

^b= 6 . 07 . ‘Sin (Wwt+ir^ itin -4 .SbS tad 

y b-(o oz'jCa)^ ,tos4»)^-*^)=*Co.oi')iOv;^iNu;«t 

At t=«s • A7 R =^^-(o.oi^(4W&i^4.BMM8^ 

4T b = -0,OSZI <N\h 0&-SZ.I K«IMfs4| 
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iiremasri' 




Ler £=»v\avs pee. unit lencth 

THIsN TOTAL HASS W = § (T.M-n"V-\~f|r(llTT) 

&BooT C. Vn<jC = O + Fre <J 

J ~[~ 5 ^ , t'(>+rr')C.= T-V^e 

n r 

cr=.o.r Catn') 


lo lb BOD CD OF 
LEN6TK JUzZ-Ct. 
W61DFD COO FVXED 
AT A AND e> WITH 
|C=\8 IbfV/hlci 


)*•»«» CtCC ^ ^-*-0 *LlK€ f¥ ’t-citc! r ¥Vl UM 

ft =CTTr rv^^-ezT C® *«/(ztn> 

6 [irr^rr + irt%]= gjjftt-TT+11 

WviiSt ^9 it ©=© 

i CUTD 

(0^13_ = Z bl-2 ft Is 1 ') 

ttr+Vj*- (Trt%U lfc/n fO 

Wvi= 17-483 £0^=3,541 rfe 


PetlOD OF SMALL 

ose illations \f rue 
eou\L\e>e.\oH pcs (ton 


VreriCAL AS SHOL5K1 


: rr> z:n c ~2L(McVw 

Jk« . , — (c© -MO S(K18=5 ^T*u1^ 

-sWf 


frT -t-o ge,-iS/tz»o.re S ^t 4o=o 

o = CjfeV Q OS lo> 4>), <t>= •*£. 

Q- o.us n=\^&r 0,IZ5t 

O-IISTSINGjOwI* UV=3.SM T/s 

^6’ vrO-vis-Hw^ a Udrsw^cos uvt 

AT -t»los (.0*= ^e>=(D.IZ5'')(3 &i^K.li3.aiX>o)V-aiEtl 
^ ^ er- (0.12$^ 54>G 5( N(i ■i('i(ioTl=U3«14 (< 


olbW. 


/T-t[o + e»T^ S jzhc.- ^.CHe.^<W 

-k(efa, T VHv><jfi.fe. =.T3 + M£fe?8s?c@ 

Bot m t«?j(UBejiOM (.e^o'l ZHc=° =-ke^.+»$H/i. 
thus Tc*<S +k© =o_ _ 


a*= N* «« 


1 19.62 | 

gWEhk 

THIN WIE6 OF EAJUS 


_,. f= it m. 

\ r 

- >i B 

| Point B is PushsD 

\ / 

/ Down i.STa. AND 

v_^ 

y/ BEU*A3€D 

^ RNDl 


Gb at Id 3 





^ Z'*Vl 

3 

g471‘ 

5W»I 
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ilY£N: 


I 8-Ag pcatf in thf shape 
or an 6 Quii>TeeAt_ tciangle- 
SUsPeNoeo reoH a wnte at 
its ceNTee. of &£AyrTV 
aaetHC vnee fc=-'3S'*v'N-w/«i 
PCAre is eoTAteb Ho° 
and eeu.- ase d, 


Eotation about A 
vetncAi. axis 
V= Z.Z S N (sHPTV PlATFOCH 
T*- 38 s,vixen oBTecr 
A IS ADDeb 
<=20 Ib-fi/lwJ Fo(L 
Wiee 


(d> PFtlOO OF 0SCIU.ATION 

kb) waximum vccocitv of 
_ on£ of the veenor s 


ttNieoiDAL MOHtNT OF 


-fce=T© To*fce=o 

CENTtoiDAL 7 OF PcATFOEM 


Tp= ^ =^£^s4Klls') 

Tp=2.4S2 Ib-ft.s' 2 ' 
rk-ATFo£H uJlTh OBTFCT A ^CeNTZoiWH. T OF A 

w; ^t/cjvsv) Jp+^a- 

f fc =( ^olbft-/t^)C3.8s^ 2,4 S x Ib-P-L'S^ 

4TP- 

Tfc=T8l 3-1452.= 4.843 lb K S 1 T a = 4.8(, IbR'S’- -4 


837 S'x 10 


THIN tuLTANUXAt 

Pune suspended as 

SHOWN 


M = o 3.375 mo e +■ 3s'XiO 0=0 


‘3.37S“x(6 


3S'XI<5 3 Nvm 


Petto D FOR. A 
(A)fcOTXTioM a boot a 
V jeCTlCAL AXISTUtOOiH & 
(b)HOtllOWTAI. 


DDAABlon 
Tt*leNDicuLAfc.-TO AB 
OC^HoBiloNTR. biSj»l/Xfl<atr 

tePEN Oic DOP-TQ BC 


(O') 

siMH^ecv 

FOR. 

E>.D AnOc 


e»o ^©^U)^C0S(o+4^ $=TT/i_ 

&=2TT=©* vx 'Sin Co+TPs 

6 = UTT 3tN^.22t+I^^ = aTT COSfeilt^ 
©M*x= ©Wx 1 *)* =|>TM (s, 12 ^ = 70.23 vod/s 


.x^-TSINip 
re = e.c^ 


4Tra r = T e T= wg/4 

;■*• © = O T= o.vv\ (oH 4?^ 

— r 1 =-L(a.Hb v ) 


V"©hax 

(Ts /i \(.6. 1 so *0 (.10.13 wd/s') 


-3JT =r M\/Xt 

Ulv, N wft 

T«= -3-TT\ /-k M lfl?+ - 2TT 
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19.67 CONTINUED 


r«e plate is in 
coexiuNeMi. teanslatioN 


Datum at @ position/? 


L ^ ,i, 3 , I sin©-© 

^ ■*. cose*-1 

£© Cos © sc && ■” <x 
+• tZE=° - 4 iTcosel-T= mg /4 

+ —'* £ = Z(F„\ e f ? -4 Tsin©= m a. 

SITS + <^ © = o 

(O'Since the oscillation a 6 out axes 
to (.And cd") 15 iNOePeNDENT of the length of 
the Side*. of 1 Ht KATejwe 'Pes.ioo of vibration 
A 800T Axes parallel to Be (and A 01 is th e sfr wg 

X^vTKTa 


V.-weO-cos©^ 

^ SMALL OSCILLATIONS 
( 1- Cos©^,V =2 Si W Q^i/i 

we©~ 


PAeallel 


2 . 2 -lfe.g CIECULAtt oist 
T= 0.8IM 

Wiee A6, tc,= ioN wi/rft<l 

\Niee Be, k. x =- sn-w /'rod 


Hoz. sphere A 

iooe. -sphere c 

Eoo AC OF NEGLIGIBLE \N£'<SHT 


PetlOO OF OSCILLATION 
fl&OOT AXIS AC 


DATUM AT 0 


q.ngHo.sw^ 

•aOQXsV(m+s'iiw^ 


19.69 

GIVEN: 

n /i 

j PAeTICLe WHICH HOV6S without 

v* 

i FEictioN inside a cofcveii 

V 

J •SuEFACC. 


* Qua.: 


Period of shall OSCILLATIONS 
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19.71 


given : 


, Q C 

|WOOJ£A^tS 


1.8 ftg collar. A 

ATTACHt b TO A SPRING- 
fe = Boo N/lv» % NO FRICTION 
COLLAR MOVe& TO Wiwi TO 

thg uerr ano Released 
THE hammoH velocity 

THE MAXIMUM ACOCCftATl 


► Oat on AT CD 

f POSITION 0 
T,= 0 


[ 19-73 | gwen: 


Rotation of a uniform. Roo 
ABOUT A HORIZONTAL AXIS 
AT C. 'SHALL OSCILLATIONS 


m\ 




VALUE of TH-fr OlSTANCP <=. FOE. 
VUHlCM THE FREtjOENCY OP 
SHALL OSCILLATIONS V/lLL BE - 

MAXIMUM 


T^— aJ-3_ Vx- Oi O^— 

. x "V- I!*” tOm'Y-KM 

T,fVrT v +Vx Ofl4u=4wtV° 

e lOvN^ 444.4S UD„= 3-l.oa rAD/s 

'^-»v|= u3 r>-wi=^U.O85SC0.0TOWl')= 1.4TG IM^ 5 

%*- Wl Xi*r (2J.P8S 1 ')(0 O 1 ow')= ' 51.1 Wtls 1 - 


Vlb Collar A, ATTACHE b 
TO A SPCJN6 OF CONSTANT 

Collar initial velocity 

= 5SIA./S. KJO FRICTION 


Find d« As A Function op e 

r^A 


€lN.b;. 


BSin./s 


The amplitude 
THE M AXIMUM ACCUfc 


Pcs (tiqn CD 
-Tin./ 3 —iAm Pf 1% 

4.= Slb/in.=- BO lb/Pfc 


T,= O V, =1 4 x^ * x Uo 1 Wft^ Xi^ 
a- T- 

ion© x 

T x= 4 w °£“= 4^ jjjlras ?) ( 1<l 11 ^ = #-nisi' wt ■ 

Vx=o 

T, + V, = T3,+ Vx O+fco y4 - 6 T97S7 

•a- -a- 

Tf-VM=®.oii4H{t= i.3T9m. ^ 

0.T Position r ^i w 

T*= J- 

T,fV,=T x fVi 

o+fcp T ..7~=.6 093I-I to* X* 

O- o. 

S CO/i= ZS.S8 VAb/s 

X,=10^1C M 4M^ t )'0.lMq'Pt > ) 
^wF74.0U/s'» i5S8 'A./s 2 - ^ 


fl/i '• c 'Position 0 

|T\V T,= o V^hugU 

|_L r ('\Xln=cO-cos© lv ,D V,=A^cCi-CC>sow,^ 

®f »\\ v- eose^mSD** &. 

^ 5 *9 \\ a - ^ x 

1 r \N B v ‘ = ^9 c ©.«. 

Hs'" © e^eil® ' 

w Vii c l^ 

Xt= X -v w\c >=.-l wii^f wic?- 
T^= wt 14Vix tc^ Vx- o 

T,+v,=T^t^ ofiM^c ©4 =.imUV atc?)Q^fo 
o ^2- 
® w> = CO^Qvvi 

$c = \wUV»Rit^w w ' x 

l.,V_ 9 C 

w * ■ (.g>/i^ 7 c*0 

MAXIMUM C, WHEN ^ x 

iw» l = o= A KVixTC. -1 )-^^ = Q 
d c UViRl^ 


19.74 


HVir-c^o C- Jt/tfrL 


given; 



thin Plate cut into 
thg shape of A 
Rl&KTTRlAN&LP 

and suspenses fuoH 

O IN A VERTICAL 

Plane 


EliiiLi. 


TpRlOt) FOR. SMALL 
OSCILLATIONS 



' t>ATUH AT CD 

POSITION © 


'T-.^O 


\ 6 . -• Y ~TA=c(|-COS 

V ? Vx=W\QC.0-<OS»©« 

> w 9 t-cose^-Rsi -z 

@ °- 
Vx- W\^c.Qm/7 
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19.74 CONTINUED | 

Fcbition TT) ^ 

T “ -y_ ©1*1 Vi - 0 

cop*5eevATioN of etseeGV r,+Vi = 

LTo^to - O + Irngc© 1 *, 

d 0 U3 B 6^= tviflc©^ 

U)„'= ^- C 


3 1 /IT '•[«>'mn,L 

1/ , C-i. W+tfl /l - 

/1 \k a 

/c/ "* In= iim. * I ft 

/ & /-v to= U> iw = 4/3 ft 

/ I 1 

I_i _ * ^ 

'“b/^ T s =Ttwc x 

T* stLxx-t-rT^ st Lt bv?+-± h b 3 ] 

YV1= j_blo 

3- 

<st- -3^2 T« VrTwV tf] « Kfl [I zr w 

b Its \8 (ft it/2. 


GIVEN: 

Foe *hau_ oscilations 
PCTJOb AfcooT A =-Tft=0.M5S 
PeBlOD ABOUT B=t: 6 =o.80Sl 
r Atr b = O.Z7o w 

PINOV 

(A') LOCATION OFTt+e HASS 

c-ewTeti g 

C.b'l CeHTaotDAL. EADIUS OF ( 

GYRATION L. 


CONSIDER. GSKeRAL. PCNSVlcoM OF CeNTtOlbAL. 
EABIOG OF GVltATIONl i. 

(*V~\ OA-TUH AT © 

)I>) ST-1 ^SiI>ON © oa _ 

y [ Tii \ -* T\ T,“ - 1 - To ©« 

(<4 ) 'T. Ov* V,= o 


Vt.- imq <s. 


^OSmOKj@ 

T x = O S/j.= W1 cj V 

v>= v (i-cos e*^-T zsin ©* 
1 r *2. 
VI «T©WI 


T>= -■«£*, Ibfts 1 - 

w » = ^ = = 32.4 S X W w -5.59'1 £ 


X' w =‘?T=^?--' ro 4S < 


19.75 


co*r?^Tt 


olVEM- 



Pee\oo= i.zts foe. 

To n u3* 

fA ¥ Al 

SihAU. OSCILLATIONS 

To = T+-v»h ir =• iviJt_Tb/i r 1 

[ S M E 

'» fins: 

Ox>i 'C*»*n\/" 

Lf aVJ 

CENTEOIDM- MoneMT of 

FOB Trte BOB -bosPfc-NBet) AT A v 


lueBTiK, T" 

•t:= 0.84s G = 3-TV\ / Jl 1 FFa 1 



PATOU AT © 

position rfi 

T;=iTo^ Vi® 


L Poiinaii© 

T x =o v x =wgh 
Vis K l-COSG^-T ZSIN l B Ji 
% r&^t-z. 
V-x=wi^v©5i/2_ 
dOUSECA/AT ION OF t 

T,tV, =T^.VVt. J^To feV O=0^y© w /i 


©*1=1*3*©,* ToW^©^ bn^e^v, 

uo^ = r *r a - 4JL\ = ^T)To 
To Uw W »> 

T 0 =T tWit - *- Ttlvxt3-=(r^}CbT£tT 


, „ 4TT'— 

T = &K*3*T - toVSs 

4TTV CLT= ww 


ATT*-* <FT\- 

T = \.W- SS3=\.o < \t lb4ts l 


-i. 


T,FV,-T^tVT. oi 

X T 0 e m + O = O+^WI^r©^ 

o 

®*n = CO*©*, 


To Co * © *1 — IM 




r* 




3 T 




f =r b u') 


CB') 

(l) 


ft)e.TA&^.oO ^OSPfe-Mibfb at e> 

'C^o.sosrs^ \fE±£t 

ftuT V*.v(r to = 0/2/70 ba 
FVOM O') fc? = <3 To. &Wf? 

nio h U') £t % lr fc 

SufeTtAClNG U^FBOH O 1 ^ 

ra. l -T 0 '= (<^ (a Tt^Co.eoir^- 0.fo4B **) C4') 

IbNlOlNi C4') BV Ci') KCMBtli BS KfH Bfcli. 


U') 


rv<v= ^L_ o (ftC4n , HO'80lFo-0'M8t^ 


VVl-»w» (o.goi v t>. we ^Vo.incta.sqo J 

Ft— 0-0sio To. Cs^ 

I^UBSTlTUTe Foe. lr b FtoH C57INVDC3') 

W+o.<>s-ior (> .-o,77o to.-O'WS'M 

b^FBOMtl^ x ^ 

(380(Mb3S^(p«9S/nrVOubisV' . 

^■= 0.O32S4-O.Olfe73=Q.0?eilw. 1 £=1fc,Z 1MX 
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19.77 


given : 

eos ABC OF MAS'S IVI 
IN A WCtTICAL V>LAU6 
PlNNCD AT B AND 

■supeoKTtQ by a 

SPetN<i at c OF 

constant ie. 

c 

FeeQocNcv of 
j|» SHAul OSCiuATIONS 

X INTeuMS OF 

Min M L AND 4.. 


^ I w <*1 ——=} 

’'K4 »J 'teg | 

0 © fc(Lek r ^ ^V WwT V 

POSITION © ^ T+V,=T +Vj_ 

T,=4I a e». V,-iL<S..T * . 

position © o-u iKW+lreM) =4T 

T^=0 \l^= ? X 

O-cose^V'U SiNig^ ^ +^klL0 H tW) + ?fc S,T f ©W *4v*e£=^e*+ MV^+Tiwjh+l^ 

ln<t ^wL -M whl'n thc disk, is in toQuiueeiuH 

■jine^e^ (t 2Hc =0= mosin s t-J^Sst t 

T,+V|=T^+Vi_ 3 

I 9 V , A r/ a ^-^iNSd w 

4.Ib©m r %4Xr-0-i5?g L© w -l *!3W + TWU5 

■*; ,1^ cV„ca 1 ■ *wqh-A/b„!r=o c-z.') 

^ ii. [(- ■Sue.STlTuTS 'cVN INTO (A 

w»€KTHe toD IS m 03OIUBHOH, Crt 4 - TQ^Hm 

O ZH a = o= «ll^st t£) S^w*©*, < 0 ^= yA,*, = fw„e M 

fe ^©u» (t+ m vA©£, w JJ- 

SuBSTlTUTB (X'j INTO O? W J- S 

— (&L- ®»M '©wf'^in©** CO* - = 1 t 

X*vT?*4MT‘ 1 ’ O W\ 

X R W« ©M=(Jtl*-Wl&]-) ©IM 'Tin- 2JL.= OLTT_ _h-i,c<^ 

. , iTT Sr^nngRO ~ 0,7 ^ 

Ui^s AL“^l/4. V$\13U»/3Z.2^r7s*) 

_ ...... X a aj m = re M 

(o^-. iBasjUi „ *1 -11 " = emU ” 

IMLVi ^ 411 /O w = t© w lO* T©»^«Q4<t 

*** Tf? = §„Vfe-A ’ * ^=(*1 *U?S,> O' 1 "* 


ei ls, 


19-78 | Given: 

ts’-lb OlSfe WHICH 
*% eoas without 

*‘ 4 ^/-SLIDING- 

^ Point A is Moveb 

JgB bOWN0.4ln AND 

HeceKse-o 

« f." P l M> E!M* 

(A") Petto to 
Cb'lHAXiHOM YtLocrrV 
__O F F^lN TA,_ 

i_- p- 4 w ' TW^\ .«. 

cS2\’ ki ' r 

M VT^-ir* t 

TT^'h © -'- 1 - a 

P © V\3=ro^siNp 

(to Position 0 -z. 

T,= o V,= ^ kCSsT't'^Qiv) J 

^|T 1 0 ^ ©, _ -L , . 1. 

T >= 4& m +4WiO^ Va = Wg 


T,+V,=T a +Vz. 


o +4^^5t+lrG^= J 5 t T ©^t^WiAJ^ 


-I - wgh-.ft-'bs-, (r =o 

■SUbSTlTuTS (.‘Z'l into 0'S 
^ 4^©’Xi= to^hm 

»w>~ w h©im -0^= r = ir LOv, © yvi 

fe (t+ m 10 ^- 
co^» _4r L 

- k-'C -=- i 4 T 

J-M Ir^WHr 1, T) iv\ 


7*4 Mir 1 - 


Xri- 2JL- = 45=_j—, —0.7IS S • 

U>* \ f TM.5«raUirtO ‘ 
\l%nSl<p/2,2.7Pt/S, z ) 


A_r M = r©^ 


/LTuyi— T© w LO> 


r© v „=Q J £ ft 


«3 w -(al ML?5 t ,> o- 215 ^ 
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fcoD AB 
£= 0 . 4 , Wl 
COLcAftS A Awfc B 
OF NC&UG 16 L 6 " 
HASS 

it* I^N/M 
0 = 40 ’ Ar 
e^oiuaeiOH 


Ffce<5UCNcv of 
sMfta OSc H-OTlOMS 


P emoo of vibe i 


^G}=^«rv 5u=fi.cx>se&© 

8 i-fe s5 

y-=-.£siNe£e 

- 1 - - Hi UJ y , < bi»-iUm6 , Se 

I— * "H^r 1 Y-yi 

Posit iqn G) (mmoHuH vecoc^v £©««> 

t,« 1 TfeeC; 

T >* 

Tf -^wil 2 [-V x + -i]^S^-4 wv 5. 

V»=-4.^(^r^- ^ 5 

POSITION! f£) (. ?£&0 VCUXIT^ HAKlMOM S©,*^ 

T = o 

Vj. = ^ItCSij+SsT^MIjC^-^) 
TitV,»Ti+Vi 

4 wi H^%J-k4.SsT +|M3^ = o*^^*WSfcij(g-s£ 

^ 3 * *8^ ^ ^ H 

SuT HHtiN TtteftOb ts IN V-^OIUBEtUM, 

42X 6 = Hwql-Jk-Ssr*"" 0 Wig^Z&vr ^ 

soBsriToTe U') into Ci) 

Suites© W, 

MtaiefreS 

Foe SlMPUF HAeHONlC KOTIOW 

<5©= S©*,*3iNto»t-nb') 

^ V* T_ 

± w ISo^V-uv= A . cos^ ($©J 

o 

un= 3 k tos^ = ^ IrcooW/mQ COS ? qo° 


Position s 


T,FV,=V v i 

4 * 4. w £®**i +o=o-wi ei iy 0^ 

0 _ 0.0.4 

(i§ 4 ^ l )©wi 

■oj=-liM = (-4.4*1 
4^w»s» “ 

, .o_ ^(- 32 ^^/S 1 -| (,0,fc*IZ llfl/pt^ \ 

* s-\<g/iTfO (N2uT7iiT^h7s l / 

10^= 4 h8^ + ,<tv ^ = '13-9 S"* 

L0„= 1314 vo-A^s 


526 




19.81 



given: 

fl= O.bM 
W/S=IM Q =IV1= 8jU 

St — K-ZSkH/v* 

©= 40 ° 

206 A© OF 
NF6UG(Bi.e MASS 

FIND '■ 

Pemoo of viaewioN 


z'xonfm- eo& 

i ilSlN© 

lease Se> 
© %i) 
Gtose 

Sx= -isiNe Se 

Sv—As in 6^5 


POS>TlftN 0 (mAXIHOH ^COOTy.SS^ 

T,* VllwlSlL,^ 

[ueob&HjUm e"? ] ($© w , T 

t;=i w»a^s^'?’ 

Vi —o 

Position © Ueao veiccjiv t ^tiKUH 

Tu=o 

Tjti/t-TitV*. 

o — -L 

S^(m = ^05© 

SIMPCC KACHONlC VtOTIONI 

*5© =‘S© kvl , 5lN (.lo.^tFct^ 

to4 2 l?6 w ?kV- =iii^OS 2 ©(S©‘«^’ 

OOi^= 4 COS 1 © 

Wa 

(OtA^F l ^ t5 ° w -*g <iosMo= §6.0-2 S 1 

3^ = 2JL — o.G^i s 

^TOX 

'C‘ w =0.fc-?OS.^ 


19.82 


UAV££j; 







4 


RMb - . 


spuing, is 

UNSTITCHED IN 
THF POSITION 
•SHOWN fe="280Si 

' IM 


n 


peeioo of snN.t 
OSClU_ATlON S 



— ox 


© 

Position © 

T,=-L W 

Vt=o 

Pt»SIT(ON @ 

T a =o 




aoo 


o ’X 


7"oi*ie.* 

^ Voo" ^ ^ AC) 


V a = 1 4 Clre^'lSm^i (l-co s ©*,") 
I-C0S6 w -1S‘n 1 ®*i ^ 

*> "l- 

Vi* 4 ■k FtA^&'l)©^ 

T|fVi=Ta.-t Vo- 

4 li M 0 r ^3 W *a^) +0 = 

<S> ^ = tO(rt©^ 

^■^N\ 0 V' , 4^»v\ ka Q. l ')U3^ 6^*- (^ lr l f Hkft^ 4^^ 

U)^~— Uso Ww^((>.08»nV 


CsJiij'aCo.os haV 1 +■ 


f f feitj 'l (Q.g I ‘m/s*)«J.Vz fr) 
i l +-1 CVtjyo/ioowV- 


u3i^= C»-2 oi = se.ss- 

o.iofa 


XV 3£_ = 5: 


n 


jw«\ ^se ss 


•= o^i s 


◄ 
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19.85 





d_ 

5 f S<:: 

8 0.3 W\ 


— SLe-vto 
4 1 


seven; 

0.8 Jia eoo BooreDTD/ 
1.2. ie.i j Disk. 

A* 12. N/wi 

b(5fc ITOU.S WITHOUT 

SLIDING. 

E'NIU 

PCE»Ot> OF SMALL 

oscillAtioms 


/VafltJsfeky't £ 


19.86 


< 5>vtK: 



Eods AB AND CD eACM OF 
(MASS W\ AND LCNG.TH jl 
ATTACHED TO &e*> R.S A AwOC 
HASS OF A = 4 IM 

MASS OF <S»eAE c-\m 

t^tlOD OF SHALL OSCILLATIONS 



jT'r 
l - tt L©* 



^ D 


jiTION CD 


T,= I 

(IL)„ a - ,L k lo.&U.'.L) 1 - 0.074 Lg 

»([^81(6,3*8. = 0.007. 

(Td 0l ^= i-W\ t>i , K y x =4.(ul(o.zsi l =o.o?,7s 

tajT*= l.zto.isi^s O, OTSO Jtq-v^‘ > - 
T 4 - -4. [0.024F0 OoZ4 0.017S-F0.0'7S0]©^ 
T,= 7.0-138 S\| ^ 

Vi= O 


. ZH©^=ve>< ^€>*=©c 

*&A=©C 

Let © A =©^ i© M =b c l M 

. 1© 1*» = wv 


X*= (j2Er) •= a ^v" 1 - 

3:^=- 4 <.1/0 Urt a =4. Vyi H*- 

X AB = ,4^^ X cft * p-^A 1 - 
T 1 =^i[a^+(rVi')4-t- £V (t f Q.V 3 FAV 4 4G. 1 ] 

£el<iC 

o 

Vi = 0 


T u = o 


lon^i 0 -Cos© lw >') 


V,* i/vm^Q. 0-cobe^F <M^e U- cxqaq^ 


l-cose^v, ISlN §w*^M (shall AULlEsI shall ANGLCi E-CjOSO^ZSlt^^j, 5C ©y3( 

Va- 4 ^ N lw ^ ^cus & w + (SlgVtol tOfaui) Sjm l-tos Ae^aW 


V^ ,tN,w )Hvi+WtyXM mm*) 6jm \- aos4e*r *Wi©^ = z©* 

L»Uo.no+! iS41 <,-- Vm* ' j '°4“3 j <.*i»«-i.eV> -l «^l tol, 

„, - , " T,tv.=r^+v-». <s>\»=wj;©\w 

T.tUrVVi «»*= 10 ^ 


4. (° l^5l(Jw%0= 40 +1 (S.I04>©„ 

LO*= t 3.lP4 U.mo = ^. 4l s'"- 

Co^sTE^.-*-) 

'tr w = ^77 = 5-X- - I.S27 s 
* ^ '5^47 


-4 ^ bo t- 7 + r fiT\ ©£ * o=o+1 ^ {§j^M 
00 ^= C’jfl- ^ 23A 

lOV-H^ft.* 11^+70 

-0^4= »HTrV/^ZH? ◄ 

w nHaT 7 ■a?ft. 
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iven; 


\Q-lb ROD ct> 
discs a p,no a bach 
Vv»ei<«H 7.0 lb 
Ac of- uecacve>ue 
Wet&HT 
Nfl SUDINC- 


BoOS AB AND BC <=ACM 
of wass v* 

G-EAB A OF MASS 4H0 
GEAR C OF MASS 


■petlOD OF SHALL. 
OSciLXATlONS 


feeioP of small 
OSCILLATION S 


X A = 4.C.4 ^^(2 IfV^ ? 

£ fc = x CiwMlriN r x 

XAefii''*' 6 - 1 Xco-- W" 
t•=av* [? »-*+ c ^ 4 ♦ d-Vu + iy 3 +S-V4 v, 

T,=i^Liob l +f jxl©"^ Vi=° 


i- VJso C = JL 
it. ^ n. 

^ [70 + 40-h^F^ 

vr (10 s ) 9^ 


Tbsi+>o»a ® 


"SMALL. ANCLES 


V->» 4 ^ 8. = - 1 - M (■‘•S') 9m- 1 IVB 


All Akj&ttS l-COC©wr "ZSim’S^ x 


' -tos te^TStt^ew*- z ©^ 
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19.89 


FOUR BAfcS 
OF CQOAL 

nAss rv\ 
ANQ EQUAL 
LENGTH fi. 
e=4?° 

UPEi 

Plane 

Fine; 

Petioo of 
VIBRATION IF 
A AWOC ABE" 
(GIVEN SHALL,tjQUAl 
DISPLACEMENTS 

ano eeoriA^Fb 


19.90 


DlStSoF HASS 3 Q 3 
EACH 

HASS of eoo AB 

No *SUD|MC 


vttiob Foe. 


VPSlTIQM O 

T, = 2 .6 *+ 1 <■ lr-c^; t'gC 

Roe o^e bcsw. ^ 

»„|ry.w„[£-1^*1 

I^= ©.3144 Wl 0 +*■ ^ 

lM 0 (ir-cV'= 1 t ^=o,^-3i 3 iMo^ 

T, = C(0.3l99 i- 0.3313') wi 0 »- x +- O S**V t-’l 
T,= [O. GS|2 W 6 lo.s iMrl Y*~ 


^lUtHATlCS 

bo Vc,= jl/iCose Stl* ®-£/zsme Se 

•5xc--li/xSiN© S© 

Ne 'SHd'a/ztos© Se 
Sq<;- fl/zC-OS© So 

V-c-^Cose W^-fisiNeSe 
-Qsing S4 
¥-a= 2- Sin 6 €Ye ) = JLC.ose 'Se 
< Si e > = fcCUfcG 

4 t = o 

q B = Him© $4 a =fitoseSe 

Ssfc" 

THe KINETIC LNCtt-ty ISTH€ SAKE FOE. ALL. four 

Barg. 

>qSitionC0 „ _ _ , 

T,= 4 L^pXs! ^-F^vw GS^£,+$Aa\.,1 
i=i mQ 1 

^ r,=U + i UinV-hlo^g^I S8 * 

Tpi>l l 1 * 

1 a 

Vi= o 

Position© T _ 0 

v 1= ^r 4 csY^ i +a)i 

Vt.= 11 is in© A^cotfe \S© ^ (fae* 
r i+V( Tt+Vt a iwFCo%f‘- o=o+M 2 {5o l/y ,T 
< b©*v,-U3»'^0 lM 1 ^^= _ 

•c^lW ◄ 


Position © 

T^o 


V t = iM 0 ^ c(.\- cos©*0 


VC l-cose^ zWOjm *i ©C Uhau 
3TT ^ ^ Al*^ 

V= 2 M 0 q 4jr gC 

•* JIT T. 

Vx- IM 0 F 4[4} = |MoT (<LiLV4^ -4-164 M 0 + 
Stt (.3TH 


T,FV,= Tx+Vi 

o+(o.fcSi2w 0 wrw t .V n 'e^ = o +4.u,4 w & (r 


tOv\ Gw\ 


, , x_ 4.1<o 4IM d F (4.lfe4X3"> 

CO vi =-[2-440_ — 3S'.2Cf 

0.3,544 


= 35.24 


(jo*- r.qsc 


tT*- =1^=(.os-8S 

00IA S.Q36 
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19.91 




6 lv fN . ; 


5PHGee OF Y*eiSHT W 
Gae abc of Necuciacg- 
weionr 

(to Feecoeucv of shall 
oscillations 
(b - ) ShALLeST VAcoe OF 
Cl FOE. WHICH 
OSCILLATIONS 'WILL 
Ogcofc. 


tLWHerfP 


C 


Q. A 


r, = i w\ U ©*,?■= i 

Vi= o 


\-0 Vt (aSlN€^-W SO-cos©^ 

:>MAU. ANGUs SlNe^Al©^ 

[-cos 'Z-SiN^’t 

O- “X- 

Va= Ufl-'-W? ]<3^ 

T,4V,=Tx+Vx 

4 wiO©* +o = o+i $.dNw«}©*> 

© IV> ” bJ n © Jy, Wl= VJ /<J 

^ j^to* e>^= Jta*-v^JL 

3 oj> a f-** » 

(£fU \ 

"* 


19.92 


J k A 

|S>////;' 


Q'ywn:- 


FlNQ: 


M 4^=0 


?• o 

VJt ,_ 

a >Vv<A/4. 


s?new of w right vj 
£= I. S' Hi WtFeVi W-Zlfc 
4 «O- 0 Wi WHEN W =-4lfc 

Foe given A, a. a*»b H 
LA&66ST VALOe OF W 
FOE WHICH OSCIUATTONS 
will occoe. 


see solution to t>eo<s i9.<(i foe tw© 
FE0U6NCV IN Teens OF W,A,Ol ANO-fi. 

fr 4 nV 5 ft^O 

?n=I.Sfe w-aib O') 

-Pirt-o .she W= 4 ib 0.8 -itr(1] 
owioe O') BV U') 

(ay- ( 4 f-')A« v > 

3.sifc ta'-s.sifc’* 4aA_ t 

4ft. 04L 

1 ‘ 4 ^- J 

iol 4>fe4o 

V ^VWC^f) ,4=0, M£- 0 -| = o 

V/<G.fc4lb 


19.93 





Top view 


Pipe suspended peon 

TWO LABL0S AT A 

AND B 

| 

F Ee9 oevicv 
VlBEATlONl FOB. A 
•SMALL eOTATtoN 
ABOUT OO 1 


t LA* ^ipg TUBU 


A , J 

B ** 

AA'= 8 BV|©^= 

Position® , . 

T=0 W,= M^<Je=W3SL(l-C05«f) 

SHALL An 4 U?S l-C©S<jl = aSlNsk<fc s a^©l, 

v,* 

5 f !E!ei! ®T > =iie:-i[-K»^e- Vj-o 

®l»T UJ W®Wl 

T.+ V^T^V-u , ■*. 

Kvig O F^ImO- <<Jw ©v* 

SJ/I 
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c^o.is w\ 


ft* Jj 


|| &/i*0.3kvi 


c ^ 

© © 

Position © ,_ , o 

t,- iW© M +^ fc c Kisiwtgfi 

3= _L O.I3S-*i» 

iM£C-= T-lfeg (O.IS^V- o 0225- &%-w\' 1 - 

V-i= o-fc© ^s^-'C = 

^.' 0 - fo0 ,. .,. o x _ 

IMeiX,)^- o.71 ©^ |^- 
T^l [o,l3S F0.0 27S-+0 7l]§V* 

TJ = 4 < > o^')©^ 

Vi= o 
Position © 

T*= O 

V<U- 4&-{Y-iC 4 ' -WejeO-eoseJ 

O.tQjvi Xx~ °'- 
1 - 0)5 0 ,*,= ^SiN z ©jm ^ © 4 i 

~U 

Vl- 4 [(?oN/">Xo.fe ufo* + CSDN/h,)(0.3mf el 

. t -fe4flXi8infe^CO.IS^ *C 

^=4L'S 4-4.5- 7-943 1 ^ 

Vl-4 ( 19. 55 ) ©4i 

T, tvr Tj-Vi 4<0.^£w*O~O^(rt.S5) ©4 

©w^WuVv* MXw^e4=(i9.ss-} 

UJliN - ZI.73 5" x 

6-9 .—_ 

P ta * Wfi » V^3 - o.*74ZH«. ^ 
W - 2 TT ’ 2 -TT ^ 


•i -btLdLj }* 1 

*^-T ip^fu 8 ' 

IF* = Jt t Uec©.«-l s **’0 ^ 

(T) @ 

JJ^^.STa'K lb/ft 

Position© ,fe., 1 ='i(.n.VWUi>(«l 

r i - 4 4)&w ^ 4-^BAGm + 4 |®) 4 

Igc'l' — (1 W 6C F 4 Wee 1&£ *4j >H6 c£ Z BC 

X&aI-^ba(%?) = ^L ** 1 AB^A&*'i w »e5.A 6 -3 i/-4e 

Wat= t q '^' ,6c= i 0 >*<ibV 6 ,e«<o it 
Wba= HqV/abc- % 0-Alk> O.sfco lb 

X Ww ,£)V = Ho.840 llo') ClftVW-000494. 

* oc^sc. ff STS^ u, s Mt 

i w 6AC=X (0^^^4^002577 Ik-Wt 

° — A ° 

^ VA “ J2.(b£- W 

IM^= m.^ c ©4 =j^_ ) 1 '^ x e»=o.o43ii& 

T,-=4.&'i ,0?<, ^ t+ ' ooois 'n + o,o9‘3n] eWj=o.io44ewi 
Vi ■=• 4 fc.ci5srTc + 4^-* (WV* 

PQSU 1 QN © T->=e> 

V^=\n fcac e^ecWz e* -vidQ k Ji\L\- cos + 

+ x^U&ce^KW\?v ilkU^HWV?- 

WH€N The SV5,T£K IS in 6Q01UBE.10M ($- o') 

?H 6 50s VNV^Qjc - U5fr\Jl ftt -4* &rU* (» 


k -50N/ra 


Zifcc^ B.O& ABC 
7 A 3 &1.0CF oe 
■SPeiNCS Act 
m TENSION °e 

CohPZession 

FIND-. 

FtfcQOtNCV OF 
ShAi_c VIBeATlONI 
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19.95 CONTINUED 


\-COS <£L A ='Z.SCN J yw< « 

■>». -3- 

-Mb/ i'll «- 

1 4M£ c eC - * 

+ i (U ©U - i jS£$ t V ^ Jufc* )l 

TaEINCi e^UATlON O'* INTO ACCOONT 

\/i.~ **WeJ$At,/z.'l Q 1 * I*- r x 8t ©(^ 

V»_= i[- 0 s«> ^ + IS ( «V* 24 © W 

* ^4«CW^ * 1 JUW 

Vj.= ito m^+i8+.0.fcT]o^vl W)t 

y^.— 4 18^©ka ■! + ^i.Ai£st^ 

T, + V/,* T,+V^ 

1 (o.l044)|r m 1 iUSv.Ac 4 L = 

1 ° * M 2 M«\©i; + 1 Urk«V 

>» 4 - !• 

^ W\ = ^ J *' ©IM 


S'j&HiiS-ie j spseae 
M-'iocoke or rut sHtte 
hhctic EHtT2&Y = i CVu' 
Wttsut (“»mass uttisny 
AU& *> * ocLocav op 

THE ■SPrtCB .6 
SPtttTU MASS'S SCO- J 
& = SOOWlw, HOLlOUJ oij 
SPH'TV.e 2M>0S- fOmw 


lA'n’eruoo vJWtN tusPcAceo vtencAu.y And 
etuiAstb 

Cb")P«2;0D WHEN THE TANt is AcccuebT 11; 

_ l)»WAeO AT g m/s*- _ 

T*V^ is not a- DAiipeo vacation Howtveu THe 
tmtTic encode OF rue Funis most g-e mcaJOtL 


PUMJ 


4.4/^u^ 4 ^\jo, 

1 ^ km~ "V-imU )n 


poos A& AND AC 
EACH OF MASS Wt 
AMO LVsNCTM 9 . 


N*cc£ifa~ftArioN Does mot chanu; pas;C 


PtClOO WHEN IV »«> 
GIVEN A SM&U. 
bOWN DEFLECTION 
And EEuEASeb 


Plate ON A SSMI-CICCOeW 
CYuNbEC. AS SHOWN 


Pecuob FOE SMAU- 
OSCILUATIOSS 


* t * 8 .siNg> 

’feX^t.COSp'bf!. 

^ismp. 
— y. S^^cwp Sp 
9 fyi’LtospSp 


Position(T) MAX bEFUeCTION T ",-0 

V,= VlM w =VHgr©^/l 

jf 1 DATUM 

POSITION ^) (© = 0 N I 

TV ix©^-i(i>l ( 

O ^ - LU * G„ 

T-j_- 4^ ©w\ 
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19.99 

I' 


6weN: 

SYSTEM AS SHOWN 

vuith (O f =■ 10 rod/i 
MO FB.IC.riON 
ftMPUTOt.e= ismnm 

Find: 

. 4*12 kN/m PlVl 


ecj.uqirj Xw . 2Ssdk __ \ 

_ i-ooi/to ?y 4 

uj a~\I Vw = \l muo>Nyw __ \q_3ts* uxd/s i 

V ’->-^3 

Pw\ =(o ots-/»)\(.noooM/ w »') (i- ^io/rf.jiff) 1 ) 


19.102 

1 P = P w i(n a/i 


5v9 &n; 

. coLueoFHAssm 

g! ATTACHED TO A sPEjnG- 

OF CONSTANT k 

mm 

fANGC OF U-^FOE WHICH 

ANPaToDfeKceeDs thebe 

TIMES THE STATIC DERfUlON 
CAUSED BT P*n_ 


, 7W-S_ 

/UJ ,1 »- 

UJ P*,flL«S*T U>M 


FQ.U9.331 


__ P|yi- >32.o M _,_ 

19.100 given: 

- —~ 1 ^-lb COLLA a ATTAcweb 

,i TO A 5PClN4,(fc=^.5'lb/M. 

I—r""“ p w = 3 tb. ( uo FticnoN 

find: 

AHPUTO 06 IF 
Ca"> oi;= srnni/s 

_ _ _ CiPl 1 0; = 10 tft dfe_ 

FQ.U 9.331 

*•*“ 1-Oot/u.V 

w«=\/~jr~ = \o.3b s" 

1 ^ V (fl lb U-i.xWv) 

Pwi lSt, ~ 3ib/usx a (b/pt-W o. ioo -ft 

%** = - x (& 1 lO;=^s‘ 

* i 10 */lo.^ £=. a tool't = 0,1304*4 ^ 

i* (. s /fo.l6t (jm khase.1 

(b) w f -io tou/s y- o i o o H _ ^ 

__ ( |t Mo.sc,Y' (in Pirns© 

19.101 REFeE. to F(<Soe.e roa Plot 19.100 

SHOlON ABOVE. 


‘Dvr ^ 3Sst 
I I l-USjfcJh 

^ 73 

Lof 

* LSO ‘dst ^ -3Ssi LO "' 

I- ufp/wjj- 

^.<4 

4 > s 4 > ^ 


19.103 GWevr. 


4 ? £\> 4 


'®r»“b*'GE; 


T * T m iln tv, i 




Fim- 


9 "Uo COU.AB. ATTACHED TO A SPi l IN 6 OF 
CONSTANT it P,w= 2 llo,UO v = Srttd/s 
AHPUTOCie of MOTION Xyvi— 4<A 


4, IF U© Ykv. is in PHASE With P 

_( bl Xw'ts ■ - Of PHASE VUTH P 

“•Mai w P-A w > 4/„ 

Am *Vi /(.fc.- wui',-1 

4.- 4 Muijt 

\cm 

C <o dot op phase - YtA 

|,_ _i_> 4 <TUb>l.SCV _ 2,qq lb/ft^ 
** - gi aTTfe* ^ 


s 4<J DlStc 

Radius r=-2o©i*nvi 

WGtDED TO A SHAFT 
F1X.es AT B. 

Oist estates 3 ° 
whew A at i c. 
couPce soHw is 
APPU6D . Twr iOW'W 


PAn&E OF VAUPE^ OF (Op 
FOE WHICH THE AHtUTODG 
IS LESS THAW THE STATIC 

___DE FLECTION CAUSE D BYTlm 

Analogous ro CQ(iq. 33 T 

© w = W|c - ®st . 

I- uSF/atf 

WHEILe UJ^= (£ IS THE TOCSCONAL TPEiNC 

X CONSTANT *,N 0 x. IS THE 

CENTBOIDAL HOHEM OFINEUA 
lc= gONHT =iQEPVHM Of THC DlSF (SE€ SAHR£ PfOfl f}j) 
^l^TT/^1 rt rA 6 

£= r a = ^ C«ftgHo.iw'V= o.\yoSitin’ 

lO -1 - j£-- ^ooQ- tj'Vy - s 9 fcB s*' 

UJl1 ' isr faifeoin ^7 „■ 


TT 


0 

e 

i 



t 

i 


t 

_ — 

JT 


— ®S1 ✓ _ ©ii 


> /..a. 


NOTg; to, IS INDEPENDENT OF Tm 


u> f ?\/z’ I 0<?.3 T>d/s 
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Big Block. a 
bPeiNt JL- v.t4N/w 
Sim- ISOr/iiv] 


TSId<j DISK ( f= 2oO»w, 
WELOEO TO A SHAFT F|*C0 
AT 6. SISK CotPTFS 3° WHfcN 
A STATIC CouPuE OF 50 0* 
15 APPLIED. Tw,= feON w 


VALUES OF oJf Foe. WH-CJ 
Fite FLUCTUATING POKE 
OF THE SPCJNG ON T»e 

Block is less than 


ew-v&e op values roe which 

THE AMPuiuOE CH VKSBMION 
_ _ _ IS LESS THAN 3.5°_ 

Analogous to g<^ (w.sj'i cv _ Wic -. Qlt 

Ay/loj- fa? 

W n - Vt/x WHEPE K ISTHETOESioNAL spetNi CONSTAvrr 
And r is the centzoidal Houtvirc' •: sua 
OFTHt Lise. !See SftHOce ttofit-*/ 

K.= SA II W _ 3ooo ItJfO 


# ru>n /•AS^tTmon . _ 

l ^ Vl<\~ “Vw*m 

- :=r*i ^ W|> < 4 Mj- 

'* j/'"’ io f <-g.ifcrad/s^ 

OUT gfr PHftSg^ 

F*,* 4 CV-^+Sw,) = I GOO Ww to. ISO) 

- IGOoVm + TMonXIOW 
THUtE 15 NO VALUE FOE. ¥■** V4«ICH WILL. HAKE 
PiM K|qO\ WHEN V AND S AEG OuT of PHASE ^ 

19.107 GIVEN: 

CSst^ OL~ tIM. 


k im r a - 4 Ifcow 

^1= Sooo/VtVC 0 Ifc0'>= Cqfc&jS* 1 ' 

-T vw/fc— CsON mi/(^cooAt) =■ ft ofeZS3 m 

= i.:" - o.ofctoo »ad 

^ ^sr . k. 0 M 

1-iDfta; 

-—-uo faZAs >-0.0,10'? 

_ l-lajy/sofel ) 

l .o w83 4 4 /c^eVOC 0 ' 0 

a \.0ceST<t^f/LU8 I-1 

PO( >17107 S' 1 lO^> 110.0 KAt/s 


eAN&t of uj; foe 
l/JHICH l~|L w l B .< I Ip 


<51VEN : 

4-lb BLOCK A 

5PeiNe> Sh.- 3 ib/ft 

Si on~ A HO ..LO^flul/S 

HNh: 

Fa i Amplitude motion 

Of T HE BLOCK 
(b")AMFUTUOfe OF 
FLUCTUATING Foece OF 

TH E SPPiNG ON Block 

Swi /(.l- (.<A/lo,V ^ 


^SwSiMWft j^y-SN 

wi te-kCitV) 

IM*V 4 t ^4eS w SiN LUft 
THUS ^FO-oh G.q(l<».3l^ANC>tl9.33 , 'l 
(VL,^F= SwA 
• ^ l-o^/U, 

LO^=4e =-i_ - = iqi.Z S' 1 

KYI w »/a ft 


" kyi (4:io/sT.‘ztt?&^') 
Uiw= t4.4 s ' 

= r4 ^T ft i _ Q 244e ft 

l- (jis/w*') 


&QUILI0BIUM 


l- U*p/iq3.7. 

in Phase *v ti-uJf/m.z)*- 


l^=0.S4Sft^ 

Since (u < coj^ j 

% and A6.E iu phase 

AND NfeT SPRING REFLECTION 

is %-S ano f feU-S'i 

Fui^'blrtHaS^fl W -0.333ft') 


F“JtAy m -s»o 


OUT OF PHASE 


i c i-o->V/iqs.T.) >4 


W f ' 485 Hulls 


ui\ >C a A60«-n 

> n.oz Ind4 
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19.108 


G>V£n : 


19.110 



6 » 6 m itn a) 11 


(Sit^ c = itwim 
nne=l2oAj t 

0J;= ISrAO/s 

C — , — ^ 4 * 6 „ tkn Mil 

tllM — IO »WVV» 

IND: 

_(Atijoa_ _ 

s'-vt ^ 




/ r - 5 »- a -^f3«'-^ f _ 

p—4w>-4*-Swi-J fc~| = |~c~| 

2f =mOl ^ "f 

MXf £.( S-'O ilS-lrt 

7.^+ k \r “ = -A §k« siNu^t 

^ S iv> / 

reoH (Kp CMAi am«.»*> 0^ 'tT73^- t 

THu-b (y. \ = - ~ O.OIO(*2. IM t 

U |-Q. 8 ?/faS+ 0 J„M = q.e|Vhl^ t 


0 8-tto BALL. 

ELASTIC COtD Ffe 

fc.- rib/ft 
Siw = 8 14 
•f^= 0.5 Hi 

AMPuTOBE OF THE 
HO Tl OU OF B_ 



W |-t>8?/fcS4- 

(% ; )^=-o,oo49oq Ho 

ivt SIN 


(S-iiV. 0OICIM feoM «) (11.11 ano Ifl.lV^ 


. _ oo 

2F = hp<X &,C^-xVbAX 

5ft (fcMx-S 


UJw= ^ s/ i * 


X 

<c=QO M SIN _ IO, = 2TT^f =2TT(4j)*.TrS'* to ? '=-IT a S'^ 

^c~(Ac.\„- ~ (Cltc^=(p.«‘«0<} hr>')(l?S , 'l (sMb/f^O aik/n.l(Hrfe*)= Zd-irs 


■V* , S^/(t- u) <7ws') 


19.1091 



--.W I f \ I 7 «* J VAJ ^ VKI — V-» >WT^\w o 3 4 , 4.TS.P / — ^ -» 

Ca c v=3.ziHi(s i ◄( w=(suvu.> 

--— 7-t*= ^ conouft 

Hi 0~ T< %oi.as') (in Pha^') 

Blocs A Check. to -£>gE WHtnnre cotn goes slack 

SPHnS 4.»C20M/Im “STATIC beFLECTlON *ftST c W/jft*=- 0. 8 Ife&lb/fft^aibR 
dlM = I.Sl/w/s* SINCE X ANb 'ft A0.E IK| PhA^f THE MAXIMUM 

(Ojf* 5"r<xd/S C)<fFLEOTtt)N of Tl+C COB-O IS Y-HrSwT O.'IOIl-O.UtT 

L =0.0344 ft 

(d') H4XIK0H BlSPLACtHfcUT WHICH l<> LEi^ THAN THE STAHC BFFLEcTioN OF O.lfcfl 


OF *x 

(b^ AMPUTuOE OF TH6 
fluctuating Foece 

eXetTEO 0V THE SPEIN4 

on t he Bl och_ 



J* 

-1- 0 *?u 


19.111 


6 » 6 m vm oift 


^-O.TOI ft 


GW6J1: 


&= S= fl^SlNUJjt 
%=-(Q. w /aj%^5lNUJTt 

*S)Vw ~ 'Q«a/io\ = _ -j^.,jX. 

%W\ s '0 0(M 


FBon ecp (14.31 Amo 14.3V') 

'Y- v»= _5«2- (0^- iie./|H- 

1-wV/loV ^«F3 

U^= - O 0E° - 0l0 q 0 M UJ W \ »5 

I - (T-S/iiT) 

YlM r O.040M4 ^ 

(b) Y- >s dot of Phase with S Foe. 

5 tod/s 

THUS 


o.e-ik bau. 

Elastic. codf> A0 

Swi^'Sih. 

j 

MAXIMUM 10$ IF COtb 
IS NOT TO GO 5L.ACJC 


COCO aecoMES -Slack WW£N TUT Hex bePLECTlON 
OF THE Coe.0 l-S GHEATVfc. THAN THe -STATIC 
btFLECTiONl Sst Yj- yf' - 

L *1 I . •Yw.-'iw. <?« 


IfN I 

Phase 11 / 


o«jt of phxsf 


^>sr= W = U-Sl b =o ltft Lo v ^ - ifc - glb/Pt ) _ _ 

a*. -Tibia ^ (•■fWMin/w 


Fwt= 4(> llON/vn (O.o4w\+o.0fc0i«') Peon EC} 04.31 Ano 14.33'^ V-IM 5 % wv4 /o- ^VlOvf') 

I 1 1— f- « ^-|m‘ < S 1v ' —- ~ *1 ^ "Ssi 

r— f Ym Fim= IS N ^ _J_ ^ OJL 4, I LU^r(u/. 

C t-V^/Wis) " x/i , , 


n; £ 


, Yt m - < 5i« <c;Ssx \t-L-t, . r '1 ^ ^ ST 

_ «£ Oj_t 4. | 1 


t- (JfIV&oi.ts) ' X/ ’ i 

I ^ (_ UJ^. -IM$>101.15(0.gob-1) 

-lol.LE (lff < 38.9s S*^ 

tO* <• d.74 ***/ S 
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19.112 




i c .S„ih\a l l 



F lWP t 


iz ftg Boa 

52.= o.ioo vv\ 

\A COLLAR. C. 
'Si™ = o.oio wi 
£$= O.S Hi 


(a - ) amplitude of 

MOTION OF THE BOB 
(b)FORCE APPLIED TO 
THie COLLAR. TO 

maintain the h on owl 



= o 


I* SC 


^ ^ Ol x 

~T sin © = 

cosea i ^acceleration 
IN THE ^ DIRECTION IS 
vetoNo oeoee. and 

T= W\ g li HeCOcCTH t> 

W\ ■s?=-lvig SIN© 

SIN6= X-X c. 

~3C 

I AU]x = 3 Y-c = T. %\*y ^IN0O<-t. 

"f x co^« Vft 

)?V(N*X = W* limSlN 
Ron eq(iq.ii') 

?m T/ 

^ \- /(Of 

-4TT 1 1 ^TT^s-^ 

3/ a * <UiJ I4.-3S S'" 1 - 

O.tum 

'4 iv. - ° °' OVM 


(W 




_ _=ao2Si2V^I 

l - ' n Ylfe.SS 
v\(Lc 


•= CZJ 

VI MC 6 2.F h =Wc0.c. 

F-TSIN© = W c Ol<. 


FROM DART (O') T= Wi^ SINQ= T F-X* . 


THUS 


P=-M3 [K-jLcjf (Mf X- 

p = -(MO^Td+MtO^m-FlHcXc 
F = - IMUC Y^lNOJ 4 t 4 \»u£ S* SlNT^t-fM/^lN^t 

F= [- (i-iAjXifa 3ss l )(o.oi£-i2q40^Aj)(it.'tss^i«) 
- (14 fcjXn's ‘X^^lSIN TV t 

F« -o4‘2>7'5iNTrt(N') ^1 


19.113 GIVEN : 

MOTOR OF HASS K\ SOPPOR.TE& fcV 
SPRINGS WITH EQUIVALENT CONSTANT 4| 
GOOVVAUTMT CO TOR. HASS UNBALANCE 
Wl AT A b (STANCE F FROM THG- 
AX1S OF ROTATION. 

Angular velocity of HOToe^cO + 

shqiu that : 

AMPLITUDE OF THE MOTION OF THE HOWS. 

,_ Xm •= r(tyi/M)( iu itujfi 

_<u»= Nft/M l-(uWu) l ^' > -_ 


ROTOR. 



motor. 

^ PmSlNUQt. 

GU-r. 

■ ft-X+M^ 


II 


4 : 


+ ir £ F =W»o- 


P^INWft -Jftx - Y\ X 6 


H?tA.x= fWiMioffc 
?+ A/mX- P™/M SlNPJvt 

f2om eQ.tiq.'bi') 

4ln= Hl ~' 4 _ 

l- c 

BUT PWft.-A-=H(O w '- 
P*./0l= itWhHh^V- 

TlR,i Yhl . Ht.W.WWjV 

RcVU*V* 


19.114 


given -. 


100-4^ motor.^ uNSWAHceD is4^ COTOE. 
SPeeD INCREASED AND AT VERT HI4H 
SPtXns THE AMPLITUDE nears 1.3Mm| 


Fincc. 


THE DISTANCE BerooetTN THE HAS S CENTER OF 
Tt f e Roto r. AND it s axisqf rottAt t on 


US(= THE EQUATION beR-WED IN PROB fi.U3 (AROVCi 
_ Y CWn'i (lO» lUitS*^. 'ritn(M') 

X |M— — - 


l- IW^/OJy.Y*- 

I _ 


_l_ 

/d^>4 


-1 



T" 


Foe ve<LV hi&h speeds ^^ /0J ANt) 

Xda —^ P M /M,rHUt> ■S.BHaivts lr (is"/ioo^ 

x = IZ i™ ivi ^ 
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| too.arr^o \ 

> 


19.115 6iveN ~. 

■speins ^oppoereo hotde. v<hos>6 swet. 
IS INCREASED FCoH 200 TO loo EPM 
AMPc(TO06 006 TO UNBAlANCE - 

INceeASFS contimoooscv fbom 

2.5 TO 8 l/vuw 

_S teep A T ftfSO N A NCE - _ _ _ 

FBOH PROS iq.HJ 

'Y w,= 

is- tC^/mHzqo/'io^' *- 1 “ /<°M V 

l -(^iooAo 


l- (3oa/w,'\‘ >_ 

2lF = i-froo/aU' Izoo S 1 

* O ,- _S '/... VT5b ) 


** 0 i - ttoo/WP- v 7oo ' x 

6.703 0.703(loo/cu„ } = I- (300/aJ«V 

x ^ ^amo^ lE.usMo'ln o.i4fcq 


19.117 


GIVEN: 


UJ«= 20 8.4 (U„-457 rpv 


Vm€N UJr =OJ * 


19.116 given: 


LOo= 4S7 tpw 




Jk=lzoo(i»/i M =i44qo lb 
te 


io*= IL/ n -= ^ 4oo "° (( ^ ~ 

V4cOlb/51.lft/s^ 

I- W/ M = (8/ilffc') ( '-^ 3 ^,') = io4.IT*loT k -ft 

Y-=o.oGm l£4XTjuo^t_( l o^ Wi f 

4 r m - 4 7.418 (i* /co^4 (to, foS 

<■ 0.<lQ c n eO.ftB 1 ?? ( 

00,4.33 fc4 (rad/s 

w 4 <Ciu«t|*T(w| )C _ ri ^^.wtBw ◄ 

X^-OOfem (-oot./i 2 m> ip4.nxio' c CfcC^V^ 

$8V ,_U,4V ^ 

Wv 0^^54.40 7od(s = 3Z4i-fw^ 


4oo-it Hote>fc Supported QV 

SPRINGS, WITH TOTAL & = l?0Olbta 
torot oNwcANce is ior,8 
IN FBOH THC AXIS OF ROTATION 

FIND: 

RANGE OF fM.LC.uJ AGUE VALUES. oF HOTOE. 

SPfetO |F THE AMAutuBE OF Y(l3EATlON IB 
-MPT TO GXC fc ea Q.Ofaiio _ _ 

FE0M Peofc 1418 

V , Ti*= v (Wn 

^ 1 I - tW^V- 


Tio-lfe Hcrrott 
UNBALANCE OF THE 
BOTOt= 7.0^4 IM 
FtOM THE AXIS OF 

Rotation 

Efsonance at 4oorA 


_a HPUT uO e AT (A ' l Soorp h l^b^lo o tPM<JL ) HSrpn 

FROM PRO ft l4.|l3> 

( - (OJ,./u),y*- 

C-ESONANGE AT 400 IrPM HFANS THAT U3«= 400^ 
lr (iWfO = (4 In.l(!/«.')/(.TloY = T.T7Z7xio' 3 w, 

(.&"> (Go, /oj„'F= (»Oo/4oo} x -4 

V. l M- 7.t7.71XlO~TB.(4') ^ 0.603031 

Cb)^/(d*f=^^4oot= V4 ' * 

7- w = OPoTSBiw. 

x l - '/« 

(c^f /w^C^Aoo)* u isq 

_-ooiq<toiM 

_ 1-1.1184 


19.1181 given: 


180 j(1^ motor. 

0M6ACAWJ5 OF THC 
E0TDL= 28 g 
ISO twin FB0« AtlS 

of ear at ion 
static OtteeaioN 

■SST — 0-V*M 


GINCg MC0w l = 


H4SS of A Plate A&&et> tothe base of xite 
MOTOP. SO THAT AMPUTDD6 OF VIBRATION ‘b 
i_ess than 4,oi4io~ < ‘iM Foe. hOToe speeds 
_N BOVG 'Boo tpw\ . _ _ _ 

I™" ^ " , " 1 

GiNcg moo«'=A i- 

(Jv> V- /(|-Cl»]/w^ 

bEFoee the katc IS Aooto u fl '« 1 ^q .siAi/s ^ 

«v 0-01 a AT 

Jt= H0J>(ieolt.^')(S\7.SS^ Uj/= ?n.r s-’- 

i.= 147.is- x(0 3 N/im 

W rlBc_= ^exiO _i i3'i(O.ISDHM')/<j47.lS>i0 3 IO/(M) 
= ^e.y4^FlO' ,, IM S' 

AFTEETH E Ta-ATE IS Appeo The NAToeAL FPj 6UJE.KH 
OF THE OVSTEVl CHANCES SINCE THC HASS 
CHANGES U)V = “&./m' 

SINCC THE VIBEATION IS TO BE LESS THAN ComoVl 
FOfc. hOTOR. SAECO S ABOVE '40orPM,|ue HAVI? i 

Xw>= - GO* ict 4 i* = C28.shtxi 6V sO(30o 2!fs‘) 


- 2.1749 + 71149 (qftfcqi,U | 
uj'^ 


-&.a44 


= G7l.fe s 


./ T_ -7.1144 (9%.4e'> _ _-x_ A. 

■A)w - - ^, = <o7 l.b b - -p-, 

M'^CWI ISXIO^N /(<ol\ G%-^= 214.1 

6 H=M'-M= 2 .iq-I 80 = 3q.l 4 
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-Ml Id 


;i9.ii9[ 


& ve n: 


400 -lio no-roe 

UNBALANCE OF 3 07 
(o in peon A*IS of 
Rotation 

FOECE TEANShlTTEb TO 
FOUNDATION .UHITCO 
TO 0.7 lb WHEN 
MOTO a IS euN AT 
IOO TPW ft NO ABOVE 


FIND: 


lal hAXIMOH ALLOlOAQte 5PEING CONSTANT 
& OF A PAb PCAC€b BCTWteN TAG HOTOR. 
ANb rue FOONbATlON 
(tACOETESPONOlNG amplitude of the 
FLUCTUATING FofcCG V/I*€V1 THE HOTOE IS 
£bW AT 20 o TPM _ 


19.1201 Giyieta : 

lBo->§ motor. Suppoetef bv speincs 
of total constant -&.= lsofeNftvi 

UNBALANCE OF TftE. eOTOE is 
Z&-4 AT ISO MM 

find-, 

rance of speeds fob which the fluctuating 

FORCE (Fr' M » s LESS THAN 70 N 

Ttoii PttoBLrt'ICT , 

TLu/%= 

l - C 

(FV)t M -Jk‘¥-M Jk-lFI ® UJ w t 

F t = Itim wV /Cl-WiOw') ) 

Tim-( f).isoi«Xo.oia IfejA = ooo47 m JLq 
lx)*- &./M =0soxio‘ 6 W/'(«VClfeoA.^'-?331 5~* 
(Ft 4 ^ tC®.©o47.'i (- LoVtaa.*,') 

Hi ]\ 

»«37 A I , ^\K 

-ton] _ i __ 

—- 

1/ 

II 

(F r )(l-LoJ/es^.3 , > - 6.004 7to^ 

" F^=IIFtUS 33.3*U*+ 0 OO^ZlJ^ 

» Os-U f <83V*V°Oo<Ul 

foe (F0w,= ^ OW . _ rX 

OUr < 0.074 4-0.00 4'i- - - 709.1 S 
00$ < 7G&3 h4/s 

tO<L2A.fcl Uo)e TpM 

(?Tf| 

Ftoe lFr) M =-10M -i 

, -= lotos 

UJ ? >-0.014- * 0047 

OO. 73I.TB hxdfs 

CO >3118 (to) =503 TPM 

C»TT) 


19.121 


(AT FEom FEoe>-(l4 ll3) 

.—x w = T(WM)Uut(g)^ 

y '■ (gv^o - *- 

(ft)*- ™ P + _ 0) 

I4x = F r V'M=(btoPt)(3/'it»'b')/£zz Pt/s 1 ) 

TM = 0.0074 IJ. llo s a 

at tu f - ioo tpm •= 100 (zu/so)* lo-4 72 ind/s 

(F t )^=- (o oq 74 iZ lb^)(fo.4l2 S' I V' _ 

l- l 10.477 S 'V*(400lb/37.7 Ms 1 ') 

Lr-) m = 

I- I3fc7/fe 


[ 0.3143 lb 


I -k.= IBfcl >b/(l^ 


, ^ 

ItM 1 

-.2 a 0.319 /(I-13 bZ/h.) 

-0.7+ 6.7ClJfcil/A^ 0.31426 

‘e'N&Sg 5 =«*»/* -4 

b "> AT TOO fPiM , tOjj^CZOO icin')(to =-70.q4 Mils 
r EOA1 O') % ANO USING 4. FOONb If! PAETC.O-'i 

(F^) = U>.0074a lb s 1 )(2.o- ( M S~ t V*~ 

| - ('7-0,44 S~') 1 ’ (40OlbliT.7ft(6^ S ) 

I (n5' k '«) 

" Jl f^=IOOTP»1 (P T ^= -O. I3fc| lb 

_ i, _ ^=7oo t »m 

r~z -—h* ^ 


1 - a.xft 


-O.ISbl Pt 


fw-170 H* 

AMPutoo© 
EELArive ror«e 
Box IS USED AS ft 
MEASURE OF "Suw 

FiiiSi 

idl % ee toe poe. Pl=looi 

_ «P^f FOB 7tt&i 
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19.122 


Given: 


19.1241 


f*i® "2200 Hi 

1 III TO TIM? BCK 

■ fiff ft f ., a MQs^oee of 

rrJWPR ^T w lP l .. — ■ f THF ACCeUFfcATON 

OFTHG VIBEATINC 

■sodFAce.a^r^ 

FIND; 

_ Vp 5220 2 IN (W WHfcN 7 f -GOO H;»._ 

ABSOLUTE. MOTION OF ' 
rWT HASS 

71 FT ~Y-~ _ SiNU}*t 

<1 SlN Wf.'fc 

teoATlUG MOTION OF 
V///WW^ THE WA2S 

^ 4:=V.-K =fe -SuiKlNtlVt 

c to*- ^ ,u3i 

4" - Sfc - •?L n (0« 1 = 

* T7 ^W “ "m**,?- 


6IVEM: 


[It. 

WW? *rr 

y 


*' T^U,; 


fco-lb DISK 
C - o OOfc in. 

-fe = 4o,ooo Ib/ft Foe the 
Shaft which rotates 
AT A CONSTANT ANOULAi 
VJGTOclTY GO* ABOOT AB 

y 

(0.2 GJjf For. te&oNANCe 
Cbl OeFtecnoN ir wfen 
GO*.'™ 1200 Tpvn 


g btsc.eiae^> a 

CIRCLE ABOUT THe 
Axis AC) OF BANOS 
*-+•£. 

Thus a«=(.He.7GJ* 


G^V/Wn^C-sLt’ 007418 


beFUe’C.TlON OF 

THe shaft is. 

THUS F = .fi»r 


19.123 

P « P m MU 

ah 

n 


lv - 


>GJi^ _ _J_ -=_|.08 o4 

l* 1-0.07428 

cebor^oV 


<0JV£U; 

TWO SYSTEMS 
AS SHOWN 
FIND: T£ANSHl4Si6li-Y. l.e 
OUHF RATIO OF 
the rRAN&htmsD 
, U/ I FoECfe To TH€ 

iHPeesseo roe.ce 
Oil BAtio oFTH-e 
TBANSMlTTGO 
DISPLACEMENT TO 
THF IHPiiGSSt'O 
DISPLACEMENT 


r= 

\- utf/w* 

Ca'i^esoNANct occur 
^ n = \/it/vi = 


F=.w\cu 

ie r » Wi (H-e2us* 
go* *4 wA = Jt/w^ 

VO 

4v- = Cv+e^oO,*' 

GJ. X 


x- lOu*- 
l- wVw* 


BIM-vjW 


19.125 i given -. 

mass of reAiurtt 

2 - *0-AND LO A t> =25t>fccj 

X——.. _ f* 1 ^ r •■ ntAiuf e. 5uppoer&o 

i|PV_ _ BV TWO sPCINfeS 

ISAcH OFjfe= loill 

[.—in—-j 2 oad 5ueFAce Wl 

IS A SINE CUEVir 

FIND: WITH Miputuos - 

(0.2 Spifeo U AT WHICH Of 4 O iW AND 

\ Resonance will occur. iHAOemiGTH fw 
0>) PMPLITUOG OF tab tRMUcR 

_ _VIBRA TION AT 17= y o-few/ lrt_ _ 

TOTAL SPfiiNS CONSTANT Ik, =aft. -TO beMluv\ 

(On= - 0-0,000 W/aiV(.ISOA.J 7- %os *■ 

^ y i(V ^«>= o 04OW ' H-S^nTL 7C=ATt 

— pr E- *\ - " . ^1 ZVl x (j*%msin iNviot 

1 -J 00^=2T/c , THUS 

i-r i y. Ml= 0.04 SIN (Oft 

1 -p - 1 — FIONI eQ (W.3^7 'NHCtE COf^U^- c m>- 

WCh«9iftoO 

4 teoN/noce t uJj.- tO„*VSos 

/bn^lSD/i silBi 2 -I Aj=.l.il N/s=2£tkj«'^ 

—- A A lA 7 Cu«^ 


_ TO BeDOCe TeAMS.HlSSlftlUTV^OJf/'w^Xpi. 

Cn Feon v?g>.04-3s 2 y 


Ulii lp x llS2orl - It I P »^ 
.fvw , 


THUS 

TEANSMISSIQIUtVs. 


FBOM <2Q. (14.22") 




BflAcawCNT ■ 


' „ -v ^ Sp* 

^ ^IM - I - (W^N.-) 1 


TftAUSMISS I BILlTV • 


Yjn_L_ ^ 

Tiv, _ iW»>J 


FOR (jv)m oe. ]t»i to Sir Less than v 
Pm Sw» 

_!-1 

|i-to f H,)l 
l F=|l-fe»P/Ui?l 

Qet>^ 


Ca2cesoNANct ficcue* wiiun ui t =w w ,c.e. c-»^> 
= V ^O.OOO = !4foSVudfe 

v l&oib/'3Z2ft/sx 
GO „=(X>* - (jqt.s)cto) = 1 349.1 
(b^ , .1 , (z-n) 

=.o.oi 

I2oo(iy»42 *■ 




541 








19.127 CONTINUED 


19.126 


P = ion 
U0$ =• X (r<vd/s 
kv> 6 = 2iJi.g 

find'. 

(A'i VALU6 OF Sk. WHICH 

Will Prevent steady 
stats vibeation of 
A 

Cb) C0B£6^PONDlN(i 
fVMTuTOOe OF 
Bloc*: B 


19.128 GIVEN'. 


HEAVY 0MINING OCc 


a Body ftisunvstsD peon an ^LfcaneAttv 
Position with ANAkQiTEAe.Y velocity 
Cannot pass through its ewoiuBeiuM 
_ Position hofc£ than on ce._ 

50BSTltOTe THF INITIAL CONDITIONS 

IN FQSLII AM0U1 OP PEOB IQ-I77 

Xo" C, + Cx_ Oo-C^.FCx**. 

SOLVING FoeC.ANDC*^ C,- - te,-KYe) CfWjijifl' 
And ac/6STrroriN.G IN til Ar-A| ' Ai-Ai 

>-= ^ \fo,-voe K - 

R>e, (v 0 - 

^ (<Q 0 — AtYp^ 

this sefines one naluS of t only Foe. TF- o , 
WHICH WILL OUST IF THE watueal log is Positive 

0*C IF Oo~ Axil 0 ■ ASSUMING- Aj 4^C O 

^o'A'^o 

This occues IF aT 0 c. W.o 
n L-iLope=-AiXo. 


AT STtADY STAT6 BLOCK A Does NOT MOVE AND IS 
THeB€FoB.e E.eHAlNS IN ITS> ©EICIMAl £ 9UILI DElUh 
^siriOKj. _ YVVA a 

f ? p> PwSiNiujt (0.) Block & 

; — LJ -i +v ZF = o 

’ k Jk.%- "P*M VNlOft (0 

TT Block e> 

’ klt U'Z.F-IM^ , 

4x lv^*t-&X.=-0 

-_£“!> *= Yto^iNWv.t.w^A/Hg 

An? | |B fcoh O') 

r it x™ siNiu«t ^-P^siNWj.t 

00*= U)^ — a YA d/S t \Hvi“ - Pl*l 
\| h. •= T-S*’ 
x ~Re> 

a „ n .... ^ 38 

., -o. ZX7IVI 


FOE. X-O WI4CN L^oo.we HU5THAVe 

>xe ft,t =o , e a '*^ H (3 

tec All THAT "*■ 

Ai*o,>l40. choosing A, und As 
SO that A,CA v 40 ( W6 HAVe 

OC_A><| and Ax-X(>0 
X| 


thus A Positive solution foe t^o Foe eq (.Vi 
CAwwot tMST sincg it woou> Eequice that 
e EAiseo to a positive Poiwee Bf Less than 
l.,w h icti ts impossiblg. thus x is N^ire. o. 

•v 

TWF tl-c coaog coeve ^ ' v >. 

Foe this CAse »s SHOWN ^—__ 


~rQ . P> ^*Mt eq. llyahd(V i,YteL& 

® sCiFCx 0 0 = c,7l, +c x 7l,_ 

Solving foe c.anDC-i., c. = -^° *( 0 .= ^ 

AfXi Av-Ai 

Substituting Into O') _ v _ x ., 

v- 

R.E , fc^oc Kt ^ 

e " e 

PoE C?c t , ;thos No SocuTIoncan 

OUST FOE t ANO X NCNftt O 

r- 

TltC TC-t CO PN6 Foe /' ^n. 

T|+is HotiOn is fts 0 L _ ^ 

SltOION 


19.127 


Given: 


Hexv* DAHPING, C>Cc. 


a Booy Nevee passes theoogh its 

; ECJOlUflEtuM POSITION O iF^ 

IT IS EeufASlTb FBOH AnV' POSITION 

with no initial vecoccry 
CM it is 5TAtTtn> Feon o with an 

— _ __AEB iTEAev in itial yg l ociTY _ 

SiNce c >Cc. vie use eQ.Cl i ^.4^^ l ^)JH€Ee 

Vo , Av^-o 

^-e.e^Vcxe^V . 

3c 


FtOK O') AND ex') "V-o® ^i+C-S. 

o - 0\Xi-t Cx^t. 
‘bOLUlNG Foe C.ANDCt 

c '~ ^ 

Substituting Foe C ( aho Cx. IN C*') 

i iL-Jtx-tn^Ne^l 

AVAl 
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19.129 I GiveN; 


19.131 


UGHT OAMplN 6 , C < C c 

THE HATIO OF AMY TWO SUCcRSSlXe 
HAXIhUM DISPLACEMENTS V-nANOV*,, 
IN FIG. 1^. II IS A CONSTANT AND 
THAT THe NATOEAL UO&ABjTHM op THI 
EATIO CALLFO THe LOGABlTHM 1C 

DeceentNT IS . 


FOR. LIGHT DAMPING, Cet t 

eq Ciq.40 y--x* gffc'^tsiN (Wott^ 

AT GrlveN MAX. tUSPLACGMeNT^ t= tv, ,X = V-M 
SiNtu)«-t^ 4 >\»i t Y*-Y«e:* :/ Wtv, 

KIGKr MAX. OlSvPLACCHfcftT, 

SIN Ht mi K*V I Yn„= '^e~ Cc/z “^ t * +1 

BUT i^o^Kirl^fl^n ^-T[ 

4yi-vt-t.vi“ ^Tt/Wo 

fono of socciissiME Displace hents -. 

— = Yto e~Tw^-w _ ^5 im uS 0 

Yw-h Vt. 

THUS K 3£tt - CO 

Xvm. ww II _ 

fcom tqs. aqde') UJ 0 = oo^VI- (> Y 1 

*"<> C " HI ' 1 w 0 -s, xr—r^r 


THUS 


0 

JBvi ^5 = err __!_ 

Ymh ^ ^ \ i- (g^ - *- 

fivv ^ 

*" + ' Ml- WccV 


19.130 




LIGHT BAMPiMG- G/Cc<l 


UGHT DAMPING, CcCc. 

"C D =- ITT/Uic 

HAT: 

(il) Tins Rerweew a maximum Positne 

DISPLACEMENT AMO THE FOtCOVVIlNG ftAX 

negative pispu ac€M e nt is x: 0 U 
tb) time BeTuJeerN two success ive 
ieto Displacements is ‘Cb/z. 

(C) Tine &enoe»=N a maximum Positive 
displacement Amo the following 

U 


SHOW THAT THe LOGARITHMIC DECREMENT 

CAN ise ext>e.ess£D as «/^4wCv« /V» 4 ^. 
WHtYE k IS THe PUMBCT-oF- CVcuFS 
_Sl£TH JtTN R E ADINGS o FTHg H A XIHOM DtSt t ACaiCMT 

asih Peo 0 .iq.ixq )F oe maximum OtsPcAceMCUTS 

X M ANO V- w +it At 4* Ano- tiAtit, SlN(<u 0 t M HtiV * 

ANO SlNCW«Uv4c +C t > > =r| - t/- Ml *>v 

Y M — Xo «:**••** w =y* 

<!miq. .a r h axlhu»i pts PtAG SN w ps> w. , x 

Wv..J= 

8 ut WbV 4t -w«t M =liXTrN Wtm t =A 

Tt+OS V_w fiwltij =ACTT f->\ 

*w«u ' W VhuJc 

But FfcoH ^ 06 ). iq.uq 4Q.(n 

ixOG, hbCatMCNT = Cvi\h - S? 

Yah 

Comparing with eq CZT 

LOS fXXIteMLWT = 1 Im-Ui Q.E.o. 

*■ %Mfc. 


Y-Yo ( 7 C/ 2 .wi') G-^'^sin (.W 0 t + 

Yo PLio &. ( - C/lh ^ t C0S to 0 tMl>l 
thus zeto vecociTiE^j oc^ou- attimcs whcn 

£-0 , Ofc- TAN LCo e t+<iV lw ' u,# /c. CO 

Ths timf to the fiest zeto Velocity 4, t is 

-t,=trAN"b.>«Ll*/c'>-<±>]/(JJo ft) 

TH-e Time to we nsxt %eto yecociTT vuHete th® 
DISPlACcH tNT IS NEGAT|Ug,lS 

• 4 ,'= t tan" Cxwiw* ic)- 4 > +- trVftj^^ 
Subtracting U'i from (3T 

t,, 1 - t,= TT/(oo = > Z b /2 QCJ) 

(b) Zeco pisPt-AceMgxns occub n u)MCtA 

SiNCwetfi'l —o oe. at intse-ualS of 

00*4. = TT ,-J.TT IMT 

THOS ( (.fc, )o =(p -dOfoo,, ANO i^ 0 =(Ztr- 4 >VOJo 
1 me bTwet-N o' s -- C-t i V i = ■iSin - rrcjj ^ o.t.n 

TAN(w.tf<t>') J 0 L0 0 arr a 


'A-\ 

| ii I 


_ 2 VwW 0 /c 


to e tt4> 


1 Plot of eo.Co 

Cel rne fiast maxima occoes at 1 ,(.w,t,+i') 
the fiest zeeo occurs AT^woti^q^TT 
FRO M TH6 A B0V6 PbOT CWoCi,^^ - Cl%t, N»\ > 3T 

(t.Y-t, ? TT/ltOe Ct,vt,> Td/ 4 Q.£b 

SlNltAR PROOFS CAK Be HAt>e SObStOOtNT MAx AMO HlW 
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19.132 


G'Y FN'- 


FIN 6 . 


bloc it in eQLuuaeujH as 
shcaon is oeptesseD l.im. 
And BFurAseb 
AFTee. to cvcurs thg 
MAKIbOM blSPLACeNFNt of 
rue Block, is o.yirt. 

Loft rw; bUMbiuc- factoc. c/c c 

tb^TlfG YALUtJ OF TWF 
COtoFFtaeKT OF VlSCCUi DAMPING 


FEoH PtoB iq.lSO AND W.IM 

(Yfc)£U. (.Wwi^ = 2 .n-cfcc 

VJHC0.C .&_=* HOMBet OF cvclfs = io \l \- tc/c £ ^ 

Ca^ FiesT maxiha is,X,*»•tin- 

THU*S -i \rt»l - I.*- 1.4 

V,*,o o.s 

-L J2m 7.4 = o. 08755" = — 

_ \fT r Tc^7v- 


SweN; 


Block A 
q-Jfcq Block e> 

It=- isoo n/w 
c= 2 so W-s/wi 
Block A is DBoPOeD 
FS.OM An 800 *v»Wi 
HEIGHT ONTO B WHICH 
(S KT BEST 
*00 BlrBOONB 

HAXIHOM OlSTMJUF 
&LOCFS HOVe AFTCE. 
IMPACT 


A TOST BEFoee IMFAcr 


EiMJl'. 




conseevation of HOMenrun 

O* + W 6 V> B * *> W 

(4XsAb£Ho 

•Or 1 = 1.21^ M/s 


I /C^isofO — 0.oooiq4i 
_ C /Cc.“0.0isq3 ^ 

(fcO Cc=a*i\/Vm (eq. 

oe. Cc.= J-'JXivi__ 

c*» 

C c = ?.Qqi |b 5 /ft 
FfcOlUa') CtrOOiaqs C*Co.OO<t3X?.t < !l't 
__c*o.o4n lbs/ft 


19.133 ^iken: 

Successive MAXIMUM DISPLACEMENTS 
OF A SPBWIS -MASS- BA&hAoT 
/ SYSTEM ABC ar, 15,AND qiMW 

(M-= 18 Jto &.= 1100 FUivi 
FIND: d 

tOitTHe DAMPING FACTOe C/Ce. 

_Ck>t h-il- coe f ficient of yicous damp i ng c ._ 

«n Feon PtoB iq.zq 1U & an-(c/co 

Xm-i V I - CC/Cc'i"*- 

FoB V-v^ -i-S nmv\ AND X,, h " iSvwW 

tvc IS = o ■ sioft = ~aTT (-c/ct. - ') 

V I - C.C/Co'j’- 

I C s' I _ C 

Lce.) 3 ”^^! ^ 4 . —O.OOGSfofc^ c^. - 6.08/0 

Cb) Cc= nyXpLfa CeQ. iq.q^ 

Ck= =2NCz.tooN/iM)Ci84g')= 0 3888vAS 

IAA 

FBOM ClO c _ 0.010 
Ct 

C ~ lo.8loK.3888') = -51.5 N'S/i* 


— I M P Ac T £ 0 “ +1-2.1 4 m/s.M l, 

5TA1IC DCFse"C.TlON (ijLOCA A 


lLo = -^=-^)=-00Z6« 

_ K= O , EQOIL POSITION foe 

BOTH Blocl^ 

X 

Cc= ?JBi=i'6ooxIst «m3»s/* 

OllMCC ^ ^C<, £<*OAT. 

X. =• e (Ci siNWot+C-ifos^tl 


- aso 
(TjxTT: 


8 S’ 1 


FIZOM TOP OF PAfcG I2ZI LOo*- %,'C^V" 

e -WMbt (^ C) 6>oQ4 tfCT.C0b( t .(W4.t') 

INITIAL eONOITlOSXS Yb* “G OT. 6<q ivi 
(.t-O') ^=+1-719 M/s 

\Lo- - 0 . 0 at 1 <?-e°lc((oneway} 

Cx®"Ooa4.iq 

iFLo'Y — -884t.^ S^^fe ^° Lc.toy p(- O2fciq)C0l 

+ e' fc *‘ 4 t * > ‘°'‘C(» 0 < t 40 ,(O+-CxioM= i.aiq 

i.iiq=(-^/aqc t ,')( r o.o2fciq')F b.oqqCi 

-•*.YAfet, C,»o.lfe2oz 

%= €. (o.iGzozsiNt.olq-t-o.oibiqcosfc.wO 

Haxinom bcFU-crioN occoas. ijihen -fL-o 

y.- Q - - "? qq Co e. (.O. lb202SlNle.oq4^0.024iqCOSIi.M 

+ e <, '*‘' < ’ <, C(..oqqlfe).ibio CqsC.wq^o.o-ttlUutt 

o=ft-«.84 4.) ClbXOZ^ +^.oq4)Coolbl^Hm..OQ4t w 

+18.84tX-O.OZfciq)4fe .044 )/o. | b2oSiC0S (. oqq-t 


CconiiuogT)') 
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19.134 CONTINUED 


O=-|.Z 74 ’ 5 lH(.. 0 <l<»t 4 l.Zl9COS(. 0‘U-t 
TANt.o94-fc = l.liq - o.ATT' 

1 . 274 - 

Tine at max. DeFLecrioN--t (M =iM«»_c\ar7_ 0 ,iK3 S 
-©.eflfe^O.tlSJV 

Y-VvtG. C0.|fc2OS(NC<t>.0<?4)CUS’S)- 

0.026 iq 

'V-w\={c.33Cii") (.o.iuo- o.ois^^^o^o? w\ 

Blocks Move, static DEFUbtTiON tXm 

total visraKK:e=o.oz 6 (<?fo. 2 >o 7 


19.135 


MELOCiTY OF 


owen: 

4-Si* ftLOCK A 
Q ft.4 BLOClc B 
1500 N/im 

1 C= Boo H S /m 

BLOC* A LS DEoPFfc-D 
FECH AN 8DOHWIVI HQ&H1 
ONTO B WHICH IS AT 

fcesr 

Wo B^BoonD 

Rnd; 

MAXI MOH OlSTRNce BUCtS 

_H OVF aft e r mpft c r 

A. tost e>£Foee impact 


CONSeBVATiON OF MOMENTUM. 

IVLfcO^ + M 6 \> B •‘HKKi R.'i VJ 

ftK^AfeiHo-Cd+q^O-' 

vr‘ = l.ziq Wi/s = £ 0 


^-i mpact £ 0 = F(.nqiM/s> 

L .T M 1C. PeKtCTjON lOlQC*- A* ) 


~Y ^ L C c = xVEm =2 %SOOll5') 

^ [J SlNCC C=3co WSAvi > Cc. 

'/"""S' SYSTEM IB HEAVILY 0AHP6& 

ANii Uq. 1 w. 42 y> 

e ® <•«* * * -s» * v<&y- i 

^=H1.S18 ± 4,213 

A,- - I5.1SI Atu= “7.325 

v - p -inrit -i.MF-t 

it-— c,e + Cv €• 


19.135'CONTINUED 

rmiiAL CBHSn iomS Xo— - 0.02&(9*n Tl # » t.lt4 l*i/s 
V(o'»=X<,=-o.o2fei9= c,e° + c,.e 0 
t(o}-£ 0 = i,u9= t-is.isOC,vc-7.3?sr^Cx 

Solving bi wo<-TT\N£ oos,lv roe. e,M<DCi 
c,--o.iatq s Cx=ooqs7i 

-isnst -7.325-t 

XLX)- - 0.1219 e +ooqsr»e 

I1AKIHUM DeFLfCTlOH WH6N ■)£= O e 

o = C-.ai 4 ^(rl?. 7 S-’i£ IS ' ly ' fc ft 0 .oqs’ 7 l')(-T 3 TS)e 
. -tr. 75 -few -TSTSt^ 

o=i.l 2 oe — 0,701 e 


LQIO _ ^witwVU 

0, "*01 8.4 25"t-VM 

a.73q^e 

^n'3-739 —-t tv\ 

-t^=o.uqt 5 

-CT3lsy.(l%^ 

Tim-C- 6i2i4^e FCb.oqsriOe. 

y. kv ,= -O.OIBSIt 0.03<?l5& = 0.02I3GHVI 

TOTAL to: FLECTION=STMIC 0CFU5.TION +l6vn 

Total. tn-TCtCHON -0.02t.l9 K).B2l3L 
____= 0.047511*= 47.51 mm ^ 


19.136 gim£n : 

GUM e, Afi-tSL NWE IGHT — isoo llo 
BecuPeaAToe. cousvantc = hoo IfesffL 

FlNfr 

(A7 iowsdant Ot Foe. Bfc-uPetATOe. to eervEM 
Tt+e BAeesL to ns ^'b-ins ft6moN m The 
•SHOETEST TIM6 IWITHOOT OSCILLATION 
(.b^THE TIME NeetHTD FOE. THE- BAB EEL. TD 

HOv/e TWOTHieDS ofthe ljay fbom its 

_HAMMOH-fcECOIL. POSITIQM to ITS FltlNC POSITION 


(.07 A c(Mtic*h_i_Y DAMPED STST 6 M Ee^AIMS 
its La^oiuaeioM Positiom im the shocteev time 
thus C = c c = I ioo= 2 *'\|T - ZNfXST 

^»= — (ll&O/'z Ifa S t$i\ = £,4^3J 

^ Cl^OOlfc/'sZT-ft/s*-') 

Lb) 

Foe ACtlTICAU.^ bAMP6ft 

^ysren X.Cc.+ C^e 

j?. WS T Ate -t m O AT HAXIHOH 

* Uo be flection. V-o 

** <»o tkus £ (o') - o V(o7-V 0 

TN'IIAL comsiticms 

«di*''Ao — cc,4 oTe° C-\- x 0 

„ U = -L0,C7LoTC.0e‘ o ' , Vc.e-‘ o ^ 
y.io\= o -= -lo^Xo FCi. c-».= oo w y 0 

Foe 7=^ ■/^CH-Ul.iV ^^ co w =M-ft/tvi 

BVTaiAL 3 CO„-l= 2.7S« 0)^= r '/MqO(Infri /ClSOo/^ig) 

0*1= II. So (,•■' -fc= 2.7-0l/ii.8o£> = O.iq39*i 








LIVEN. 


19.138 


GIVEN: 


COO OF fn*55 W\ 

Pin me o at A 

r. 

INTERNS OF 
iw^anoc 
(A' l DlFFEKWTlAL 
EQUATION OF 
MOTION 

(t» critical 

DAMPING 

coefficient 


r 6 Uu— •— 
o 


-«/ « in cqvnueeiuH 
rpC rm? force 
^I cA© TH€- sPeiw* 1 
Is »*<J 

■SMALL ANGLES 

Sme^e cosesji 
3 Sy 0 =JUie 
0 <£^*0 


(d") Newtons, LAW 

'Tv iwofi/i — C4 .-®/lA/ i—CJl© S =3>U-Wi(^ft/a 

(cinematics 

°<=e? 2*- t/i*- 

[x +-tolUM ]© 4-CA l © + fe(£M*© = o 

X + ^U/i?*-^vwA x 

© +<3> cA*| © +<l(MlwO© - o 

(b) SUBSTITUTING, e= e** INTO THE DIFFERENTIAL 

EQUATION OBTAINED INloT.WE O&TMM THE 
Ct+AB.ACTER.BnC EQO AT 10 N % 

?? H?>C/Wi)\ 4 Sft,/4WI = O 
Ano obtain the Roots 

* ~ r;>c ^ Wl V(3cfa,T-C?>kAv^ 


2. 

THE CBITICAL DAMPING COEFFICIENT C*,IS THE 
VALOt? OF C IN THE RADICAL TO 2EBO. 

THUS . a 

(/> 1*0“ 


Cc= \/ JfeWi/5 


4-lb Bod A8 
Pinned at o . I 
And supported 
6>Y A SPBINGr 
AT A. dimension 
AND other. 
CONSTANTS 
AS SHOWN 


Foe. •SHALL OSCILLATIONS 
(.0.') THE DIFFERENTIAL EQUATION OF HOTION 
(b'l TH6 FORMRD BY THE ROD WITH THE 
HORteONTAL STS AFTER. END 0 IS PUSHED 
Down o.q in AND R.eLEASED 


fcw-f*— Vim.—H „ 

l/S D ,. (d /> (1 - V- . .. . . A 1 .- » ■ 


p T ° i^ Sqr - f ^ B ^hall ancles 

J~7 q, | | 6 -i B sin6* © 

(T s * Ou *4lb | coseail 

II __ 6 

S ft- e/t 

3 

(ClV Newtons lau 

<TV 'fe*>Fs ^U4V(ia^F D = r^^^ 

O') 

p s = = 

Fp — C. S g, = ^ ^ 

RlNEMATtCS ^ 

THUS FBOM ClT 

[|4U]S F^/iTc © stVV^= a 

But in equilIBRiO H ?Nt,-o 

/?V W?*\(fe-^ 3to > 

CQ CiY BECOMES 

(T/il^lwv© vWft'Ke f!(LMs = o 
Tt. w,= ^o.H4^i.-zS= 0.01146,, 9/4C=(!)|4lK ls '' = 0/il ' ,s ‘ 

4/4= S-« = |.1S- 

0.07Z4fc© F6.S37Se + ».BT©= o 
Ibl Substituting. e > ' t into THE ABOVE DIFFERENTIAL EQUATION 
Q.OITMb A t TQ,SB 1S \ 4 l.T-g -O _ 

A«(~ Q.S47S-T qc.~tt7sy-4 C -0H«*byi»TiSV2C0Bj 
X= (-0,3J1S^ \(-0,7.48<V )/feko.07*46'» 

\-=-2.32^ - 3.4VIL: 

SINCE r«e LOOTS ABE COMPLEX AMD CONTUG ATE 
CU4HT DAMPl N&S , THE SOLUTION TO TMF 

Differential equation IS x CE«. 

-a, 3 R4t 

©=■ e 6 e ^iNis.Hsq-t+ct^ (.s') 


(.CONTINUED') 
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A<Spu6 Hot I 


19.138 CONTINUED | 

Initial CON&iTiowa 

©(o'* = o.os‘ Pod 

filohCVt ecc^o 

6l0V0.0S= ©o’5iIN»4> 

gloWo^. -7.3zq e 0 siN4>-t^iuqGotos^ 5 
TAn$> = 34sq/?.3zq 

<^>= o.qis-s- ro>d 

©o= oc>5 ~ — O.Ofcosq had 

S.N t.qirs} 

SoesriTOTiMq into CVi 
A -2.324* 

0-0 06034 6. "SIM C3>.4-t -E oAlSZ} 

AT -t= s 5 t-j.32^ 

©Cs-T=o.o«>3qe 


scs*^- 0 . 33.3 XrVO' 4 V&d 

_©tsWO. oiiofritf 


19.139 Gwen: 


19.140 


lioo-ib machine soPPocrg D sy 

TWO •sPeiN&.s 

PiJfctOOiC Fofcce of SO lb APPLIED 
AT 2.8 Hi, CslIOlb/«. 
AHPUTUD6 ISF Vi66AT|oN,'Xi»,=-o.os'** 

Find: 

_S PRING CONSTANT OF EAC H ■SPBiMd _ 

e<$. (lA-siY _ 

^“vcfe^w u> f YS-TC<w*V- 
- Wv(Oj ^ +fcu>0 ]y.£ = Pw? - 

^ vc*w^r-cc^ *- ^ 

» au US > >=S'.t.Tr |(v»=w-UOoU? =3^,|(,|(fa* 1 
v *_ 3 sTT?t/s>- pt. 

&= \|[.ofS<O"0' 0 ^ Tka iaUs-.fcTrV 1 - 


— Y S‘l , S4xl° t -3.14SX , O b t 
Jk= 4.q‘iS'+lOS73=n508Mo/fi 


UOO-lb HftCHiNE SoPPoe.T£ti BY 

two springs each with fit.’ 1 3 oqoU“ 
periodic Foece applied of ^ 
30-llfl AT 1.8 »*. 

C= UO lb (ft 

Pint); 

_A HPuTOt)£ OF STEADY STATE VlDeA T ION_ 

EG}. (iq.SZ'l Ew>= fa 

Total spring-constant Eb-(zX.3ooo ib/ftT 

=• faooo Ib/f-fc 

nTT-P^ ~ aw (7.8 S.tr rad/s 
m = w/<^ = l\0Mlp/(32.zft/s^= 34 I fa I IfasYft 
= teife— — - 

Wbooo -(Ml fc t 0 i o is. br# 

-JL- 30 _ 

M V ?o.qi4M0‘ + Z-YlS’X'iO 4 ' 


19.141 6IMEN: 


Forced vibrating ■svsTeM 
VALOfcS OF C/Cc Foe WHICH THE MAGNIFICATION 

factor vjvul decreass as lOf/ojv, 

IN CR E ASES __ _ 


Y-- o. oo fi=C4 


X w = 0°7ZS' | A. 


FIG 19.1 Z 

ecj.(iq,ssY , 

M AG. FACTOR Pm -- ■ - - 

Mk YG^^lM^OWi^V 

FIND VALUE OF c./ Ct FOt WHICH THERE IS 

wo maximum Foe. y w as increases 

Yjaa l P 1 ^ / A 

= - U 0 -Kfa..?)(-ft +1 c Vc c ^ ] - c, 

d C^'KV- {[|- TWTAo.Y]’-F[xc^c e N »C u Ma)„Y] ^ 

- Z +■ 4 cYCe 1 - o 

, ,C!'-' lc - l/c ^ 

Foe c l /Cc >4 Tueae is no maximum for 

—„ A NO TH e H A&KHF 1C ATlO N 
C»W/4.J FACTOR. WILL DCeReAS© A-*b 
AS twaifA-sirs 

c/c c > 1 /its: c/cacno? ◄ 
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19.144| GIVEN: 

0 IS hfloToe QotT6 0 TO 

■ BEAM H*i A STATIC 

■*» DeFuecTioN > S 4t =i-5n*i 

UVBM.AHCE ISEQuiyAUEMT 
TO AHA*S OF tO^ 
LOCATEb IISIMM FEOH 
MUS OF toTMTUSN 

rmri : 

AnPuTuoe hr t\ hotob. 6Peet> of 4oofpwi 
ia>Foe. NOtlAMPlNC, 

_(b )FOE C/c e - Q, oyS- __ 

GQ. ^ 

^ Nldt-FwWf^fCaofV 1 

vW=?og a 

fcaoE^'^x .o^t io l ;=|caoo) (zirt/fecO=g88i.6 i x 

\ KjpT- PlN ° lp6lH1 PoNSTftNT )t 

V\PV Foe. thc BeikH 

4.= MS = 0efe<0(48l tO 

. , PmSlKtGOfct ”3vr (i.SKlO'SM) 

^ ft.= lUT70N^ 

Pm= irv%’ roo^ = () .OloigXo.ttS vw^(888Z t 4*) 

P^= 77. ,70 N 

^ C= *% - •Z’Z-T-PM _ 

** “[(itrao-Cistoeerfc N/ivO 

%Vv\= “ 0.577 XIC? Wt=-0577 MW ^ 

(b)FoK. c/cc-o.OTS" 

eQ.(iq,^i'> Cc=^-V^ =-2 .vCm =z\Kin7Z0K'8') 

Cc= 73 I I N l/lM 

C~ aoST a-= (p,o35Hl4ii'S = Ito.a M (** 

Cc 


P*V1 SlMLOft 


77.7 DN 


EQ .04.52') _g 

wt 

/^^0'irs’iv>w= r 


V Ck.- w YN- (.cu^) 1 

X Sry,M= ^ bo** lsoo)(2 IT) /to] = 2 (J 474 S* 
_u, F' t _., 


K-\m —' 


y-w.* 




/[imzo-(i8K888i^^ (, 

--= =- =Q.000^3bW 

/(|7T73Mo4yT(o/1778x |O'*) 


&.=(4H45'oo')=i8ooooy 

( PlwSlNU^t Pwf m'|tOo£= (o.OZit^(&.nrON= 7t <?) 
7oq=M' PhA = «.fc 8 SN 

Co.') c= © 

— fc(.k 8 S" M 

f-VA^ --- 

[I 80000 -iS'Uqfcn 4 ')HNM 

V|M= -O.37q*l6 3 M = -0.'J>Z4*iwt M 

(b') Poe c/ c< ~ I.) _ 

6 ^. 0441 ') Cc=2lw\/4 = = Z\RlS'tj')(l 8 O 0 O^) 
Cc.= 37SG> N-S/*> *c:=&'2')t37fc<>') = 4777)dJ> 

V*1 

— fc(fegsN 

''/[Ifioooo-is-czqfcTqiG^in^^fc?^) 

V-toi 3 * 0.08S4 KlG\rt= 0.0884 umim ^ 
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gnem; 


19.146 


loo-\b MotoC. bolted 
TO BEAM \aJ«iCH HAS 
A STATIC DEFLECTION 
(JST~ Q.ZS in. 
unbalance is 4 ©a. 
AT 3 in. 

AmPuTUOE *.**= 
O.OIOM AT300<T>r*) 


GIVEN : 


Qliki 

Cob damping FAcroe c/c t 

(bl CoeFFicie nt of damping c. 


EQ.(iq.sr> _ P(M/t 


y~vA — 


V 0 - /w V- + Cl <9/Ce)^4o rt S* 

y Cb^r/lzfO 

yPhZJ't CO Z „= 15-46 hld/S 

„ - , .2. 

hcdr^vu s 


BoTqC. 

V^N 


V=4oB 


ur 4 ^3oomftol^W.zs 'e 

3112: -= 0.<b3g7 S' x P ^ = * v '‘ ew * 

ujj" T^ZTfo 


loo-ftg vkotob sopPoeTCO 
BY Foot SPeiN&S each of 
CONSTANT k.- 4o4N/wI 
DASHPOT C= 65-00H S/(W 
AMPUTOOe Y-*w=M WW 
AT A SPeED OF 1200 rpw 
MASS OF THE EOTDe. 

!• 

"distance between THE 
mass cewet of the: 
toToe ano the a*ig of 

SHAFT _ _ 


EQ. O^saB 

%^=- _ P*V1 _ 

^C.4.- VmoV Y+ifitOf) 1 

=|i'20O>C2TT s )/6o'!l 

(Of* ISW V* 


Pm= toVw* ^£^^32.1 f) 

Pl*\ = I,qi6 lb 

4.= 10£ YM=(jS46B(ie>oCB2.2'> - 4601 Vlo/f-t 
tW4= 1-916/4801 = 6 0003331 
0.01 _ 0.000334 t _ 

1-> " \f( I -. 63S 7^ C0 63 87) ^ c /CcY- 

O.T-T-43- 0.130S+Z.ss-S^/Cc^ 

C c/c cV= ° — 0 0 38 67 

1 . 553 - 

C /Cc= 01366 ^ 

(b) CQ.(l3 <+0 Cc.— 1 WUOui 

Cc= 

C. = o.i3S7 

Cc. 

c= (134^(,1367^38.0 ib| M 


4= 4 (qo.ooo N/i«')=3(xi ) oooW foi 
^KlSlijUeHlSTQl S 1 } 

Pw= 136870 e 

22feQTOe _ 

^[360,000 -(| 001(15731')?+ (kS&oftlSWli)^ 

(1467 4 X \O e ‘')lafiOXi)-=^Z'i 687°Be. 


e - 0-1301 *m 

___ e°p.oiww ^ 

19.147 | r-> iuen: 

TWO 4OO-g MASSES AT r=|JOi*iM 

S ECTATis atthcsahe speeo of 

1200 Ifpw'l IN OPPOSITE 
SENSES WHEN THE HASSES 
AbE EXACTLY BENEATH THCIE 
CestttuwE toTAxioi Axes 
AMPLITUDE OF THE hot ION 

at this sPeel equals s»m 

total mass = Mois^ 

(MTHE COMBINED 5PEIH4 CCNSTAKT fe 

__ __ __ Cb)THF DAMPING FACT OR C/c* _ 

s' n. (0.B 4>=TT/2, AT 1200TPIM ., 

G0t-* eg. uq.54 ^ tan g-= zC^X^fr i 
—1-CH/w.f 

| -r I SINCE dp = TT It. tan d> = aO 

THUS l-(U>p/uD^=° 

Lo„=w t = (i7ooBiTiB(bo=4orrs'' 

* JCt=HlO^= ([oofcatfaons ^=22101^/ M 

CbB M ^_ I 

e< * (iq 53 ’ ) (Wt VO-w7/w2TWtcfe«N^/oi.\ i 

/iu*= I =(2Ko• i ’^')(o.lSOA«B(4o^s-0' , ■ 

Ptn=l84s.y , ^.oiswVfiQiisv^i.oMi?)]^ 1 /t2ic/c t B] 

C fcc= 00286^ ^ 


Q. 

i 

Qt 
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19.148 



given ; 

MAcnme supported bv springs 

AMD CONNECTED TO A DOSHPqT 
AS SHOWN 
SHOIOTHAT: 

THE AMPUTO&e OF THE 
FLUCTUATING Foece 
teamsH irreo to the 
foondatiom is, 

p = ^ / 1 + [tUfccV,iJ t ^^ 

\/ [ I - UUf /W> 1 ] ‘+[z (c/O IV'd.V 


19.150 GIVEN; 


STEAbV STATE VlBEATlON UNOER A 
HAenOMIC FOEC.& 

MECHANICAL ENERGV DlSSlPATCD PER CVClE 


FROM e 


M OF THE hACHIVte IS . 

Twe transmitted, t© the foundation is, 
SPRINGS Fs=- Jt X = JCt-V-wi SlN 
DftsHPOT F D = c vv.co^CosCGVfc.-d.') 

Pr = Vm [4siNt(o t -4>'>Fcu>^cosC(0(.t.-6M 

©R RECALLING THE IbeNTiTV,_ 


ft Sin t &cosu =a/aHb v ' Sin (.4 + tv)'') 
■SIN V* k/'faHB' 1 


f t /- X dOS C< ~ ft. /\Kv4 

Fr “ b 6 ^ Vit*4 (FH ^ s IN Cuo t t- ^ t <V^ 

THOS THG AHfc-ITUOe OF T t IS 

Fry.* V^VJLMtt^Y*- ^ 

FfeoM ecj.Crt sj'j Yw\= p » n/ '*- 

Vl(i-^/0)J]VLi(c^w f /4 

SUBSTITUTING FOfVLiM IK BE? O') 

F^-^AATTIc^T^ _ u> 

l/L'-HM ]MU 6 40 C w »AoJ)l 

to^Jk/ivi 

and ec^. CiQ.4('S c c =i w\uo« 

cwWty.w>tfc/<g(o^ 

SUBSTITUTING IN (z') 

P|*r Pfw l/ I AonVp* 

_Vi' -KAoJt^ 


19.149 given-. 


SV5TEVI AS SHOWN ABOVE IN ?CoB 
IQ. 148 WITH WEIGHT VJ= TOO lb, 

FO>e SPRINGS jtACH WITH Se= 12 lb/ft ) 
and applied Periodic forge with 
freqoencv -P*=io 4 /2.n-o.8Ht 

AN ft AMAJTODG Pw\-Zollo 

FIND: 

Amplitude of force F M TEANSMiTtEft to foundation 

_(ft VlF C * 2rlb^ /F (b~) C-o . _ 

teFee To the equation derived in VRot.iQ.l4? 
«*= a-ir f*= 2 tiCfi. 6 >=l.bTr <o^4/ h = 4%/^j.^ 

, 0 c _ c ^;=\7|6 s-^eos 1 

W' ttTSd)'- • ) Cc 1 fAW ,, "Cz^oo/J) 80) 

§ c *O.HM,(£^o.«406 

(a') Fyy> = 2oVl4 LC4 K 0 .TZ. 4 o »3 ^10\/I+"fc.«T26 

V(|-3.Zfe.91 7 F4C0.5Z4ofc^,2«) V3-.l48+fc*S7i 

Fyv» = I fa-1 8 lb 

foR-0 , Fw\=<3-0')f'(5AQa = ?.«l lb 


issipateu BV Trte 0 


FBOM ei^( p iq.48') the Deflection oftde 
SVSTFM IS TG= Viv.^mdo^-cp') 

THE FOftcG ON THE DASHftCTT N F & = CTC 

F c =o V- M U)^ C-anluift-f) 

THE WORRDONE IN A COMPLETE CVCL«= WITH T.= TTTAlL 
r2n/lw f “ f 

e* j Fd dx (l.£ forcex Distance) 

dx= ^ou,go%> dt 

lCTC*o^eos x (w f d-cp)dt 

o 

COS^ot- <p) = 0 - ^ Q0S(uit-<b')] /t_ 
air/W f 

e=cV-w. n?| j i - zcosC^t-d» N ) j-t 

D iT/lOx 

C vO. u?, L-t - 1 

F= ( SiNj^M^lN^)')^ 


H, LU V \ 

= FC 


*19.151 


GIVEN: 



SUE! 


SP6IN6 -0ASHK>r 
■SVSTEH AS SHOWN 

with mass m hcamns 
At »T,ovee.MoA6uMTH-J 

SlNOSOIOAL CROSS 
SECTION OF 
ftHftjTODe ?yy. Aklb 
WAVELENGTH (_ 

b 

UL'DlFTEtCVmAL. GSUATION 
OF VERTICAL DlSPLAOEXUJ 
OF IMASS IV| 
(.b^GXPJessioN rdLthe 
ftHPLITObG' OF Wl 


Et at' 


^•^SsT+VS'i 


-V- JT- 

+4ZF=wia; \A)-Jt(WVt-SVtCfe-^*»w 

^KAaiMG THAT Vl= Ql^st , iwe wEite 

H4 4^Tcdx+lv.= itSti:di « 

dt*- dt 3t 

CCCiNTIHUeb^ 
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• 19.151 CONTINUED 


Motion of wheel is A sine coeve, S= Svn sinio^C 

THE INTEtVAL OF TIME NEEOeD TOTfcAVFL A DISTANCE 

L at a spent* \y s is t= l/v, w h ic t-i is the 
P riori OF Tire to AD SotFACC. 

Thus our = air/^ =• ajr = ^nu/L 

L./V 

fVN b %= ^1m SI NU>it <iS = 'Sj!ii n Cos W^t 

T at i_/lT 

THUS ec«. Cl U-» > 

<M dMc v C ^V. { 4.x - (Jk.S (NU3J.I F 

Cbl FtbM THE IbENTITV _ 

P*SlN <j t 6 C 0 SH=\/aHB 1 

Sin B/'W+ 6 ' 

a>s 

WF CAN WtlTE TH€ tHFFgBE NTI Al EQUA TION 

W\d2* Tcdi +iLX-HSlM(0rt+llO 

(^ = TAN ' 1 C«Of 

THE solution TO THIS EQUATION TL 

IS tANALOGOOSTOeC^S iq .47 AMD iq.^lNttH 

Pm = ?>Wi "7 


Y= Y-^sm 
to eo‘s0‘» s2-'>'l 
¥*»= 


iwhukous 

: % Oc Z (- (ODi^ 

^(JJ» - m u>VP+ (cu^y 4 - 

TAN (P = 

TANlj)= c.uj$./Qg_ 


19.152 


^nen: 


I* A <** kill # 4 »|l 

■ph 

1 •> T 

; 4 i 


BtOcfcS A AND B HAVE 
HASS Wl 

THIZEE SFElNciS ,£ACH HAVE 
CONSTA NT k. 

THCee dash pots , each 
HAVE CONSTANT C 
Blocia a acted UPON 
BY A FOE.ce fcp^SINlOjt 

l 

DIFFERENTIAL EQUATIONS 
DEFINING THE DISPLACEMENTS 
Ta and T* of the 0 UOCTS 
FK.OH ruEie e<eoiue>ciuM 
'Position. 


• 19.152 'CONTINUED 


SINCE the OvjCUAS opoooeSINKxe Atfc CHOSEN 
FflOM THE EOomaeiUH POSITION ,IOF hav omit the 
initial spding compressions and the Effect 
OF GRAVITY 
Foe load a 

v li zf=hmo. a . P (M siNw f -tTz^cy„-it A ')+c.()2 6 -^=w Sf* 

Ci\ 

FOZ LOAD & 

1-4 tf=wQr.; 4.Cv 6 -x*V t C^v*' -i.y a -zcy^ i*>Xj, 

eeaeoangimg sqs (a and (.V) ( toe find-. CW 

WK* + c(.X fc -1L*)+2A CTft- Xe') =- PiM Smu)*t 

J 

iw ^Tsexa-cu +BA,T..-Tfcy* = o 


B,L,C CltCOIT 
AS SHCHOW WITH 
SODDENCV APPLIED 
VOLTAGE E WHEN 

the switch is 
CLOSED 


-WV- i --- FIND-. 

£ VALUES OF e. Foe 

WHICH OSCILLATIONS 
will take Place 

VJltGM THE SWITCH S 

__(S CLOSE & 


Foe A MECHANICAL 5 YSTFH C>sciLLATtoNS TAee 
PLACE IF CCCt. (LIGHT LV BAriPebb 
But FftON 6Q. Lfl.411, 

Cc= Zto\J M = Z \U« IM 

THERE FoRe 


FtOM TABLE A. 2 .- 

C —o £. 

In —o I— 

&.-o lie. CO 

SUBSTITUTING IN CO the analogous 
scec-TE-ical values in (t-") x we finTs that 
<£>ScillAT|OM 5 ImILL-TAICE PLAcjE IF, 


e c.-j.n/o^u<-S 

2 < tl \] wc“ 
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19 -154 | GWEN - 

e,L,C CllCOlT OF FIE. PE06 «.tS3 
WITH CAPAHrog. C EEHOVEO 

Fl HP; 

IF switch 5 is closed At -t=o 
W the final valug op me current im 
the ciecurr 

M the tine t at which the cueeem «ili 
have eeAcHGOLl* Ye'» times is fimal value. 
_ U.e Tits tihie constant \ _ 


19.155 


6meN : 


SYSTEM 




DgAW. 


MECHANICAL SYSTEM 
SHOWN 

THE 6lfcC.Tfc/CAL ANACOGOtf- 
OIECOIT 


TABLE iq.l FOB. ANALOGUE 
Closing Switch s is eouivAurm to suddenly 
applying, a constant Foece or nagnituac P 
to the HASS 

(a') final value- or the cob-bekt coentspoNOS 
To the final velocity of the HAss. since tub 
CAPACITANCE is LFlO THE sPClNO constant 
is also ze*o 

f + llF & w\o. 

T "t *&. w 

^ Final velocity occoq .s when 

AM -o 
d-e- 

P-c^-l =.o iv\ -‘V> 

dt 'F.N^ a*W WMl 

^FINi 

FCOM TABLE ft-Z • LX-ol ^ P-ofe ,C-t>R. 

T HUS 

^fin»l~ 

Lb) KeAecANGtNG FQ. G\ wt have 

Bv\ dly t cdv=P 

^ ^ Ji -'A't 

soBSTTOre d*_ A e **■+.£ • d:--A?-e 
jT - c > at 


* i' r„ vh t«i, i 


we notg that both the 
? k-n '/<-* SPCiNc. a no thc dashfot 
^ Effect the hot ion of 
A ( point p*. thus one LOOP 

tic-»R. IN THE ELECTB.lC.AL ClBCOIT 

SMOOLO consist of a 

—I—1 CAPACITOR. (j^'/c') ANO a 

™ — T Distance (.c**') 

| ^ Wi-OL THE OTHER. COOP CONSISTS 
P--»e OF (P.«SlN<D V t-»ew.SlMl»>Tt'| > AN 

lNOocTc>R(rvT-o Ano the 
G.ESISTOB (.C-.R.'l 

SINCE the CCSISTOK. IS COMMON TO BOTH LOOPS, 
THE CtCCUlT IS 


r " 

^WW 

Lfc-LO 

Lo /TS 


£ = Q **S I H lOf t 


19.156 


i[-<M.e’ At ]Fc[Ae :vt t£]- P 


JHOS 


- WvX+C = O 

■fc/l*|Vt Jv. 


X= C i IM 


4£«as"ws£ 

Nri ^° ° fc MVVc. A* ■"We 

dt C. *- 

FBOH IXftLE 19.L. O--^ i_ n P-ot x L--3 R. , |yioL 

Foe. - 'it) (tMt= I 


LOOP I (.hmnt a^) x C,-«>Si. ( 

L ooP Z IHAS6ih > ) 1l-x-»^t i _,Wi-oL x Ci.- J5 E 

W'TH (fe 1 -» , l<;dCOHHON TO BOTH LOOPS , 


Ci JTt 9 


> JL<u ^ 

**a .• I . Lb 





19.157 


19.158 


Given. 



KSCHAMlCAL SVSTCM SHOWN 

r*e oiFFeeeNTiAc equations 
Defining 

(O^THC CilSPtACCHENTS OF HASS (V) 
An0 ofth€ point A 
lb') TM6 C«Ae4CS ON TUG CAPACIOUS 
®FTHG eteCTElCAt ANALOGOG 



mechanical svsren shown 

the t>iFFCft.eNTiAi» equations 
DEFINING- 

I O'! THE MSPCAceHtNTS OF 
HASS M AND OF THE PO/NT A 
Cb^rue dHAeGES on the 
cAPAcitoes of the 

ELCC.TE.ICAC. ANALOGOe - 



*-A A 


IcU.- 


ccVO 






(kiiv-irW) 

fevdtA*^ 


«h_ | c(v w - k*') < I i^iy-a-wi 

xj ^ ^ iO is. r i fe ; l ‘*' w p- 

fP=(WSlNw t t 1 »w| = | wv 

^ Ha^HANICAL SYSTEM I. a 

Point a . _ '*»*■" 

+t 2F=o feic^t C^Cxa Wi-O ^ 

(O') Hb&tANlCAi- SPSTt' 

UAS ^ rw , +1 z:f»o 

■ft ZF-imOl cd C WTuW^smw.i^-tMdjta Point A dm \ IUUa'XinV o 

cU. ,i + i. rrr 


RL 


^ ii_W + cdC» iM^=H«btMi^t 
de dt 


( -^'* tkt ''T c A- *Ux*v,^o 

Hass kw 

IF= VwflL • 

H = wa^, 


lb^ ELECT g 1C A L ANALOGUE - H -tiV™! = MOl^ 

FEOM table iA.t. dt d ‘ t - 

»* -» L bA dX, + CxdXiM + 4 t o 

g v (z Te- dt 

Jt 1 Cb') E.LECTB.ICAL Analogue 

"Y % -SUBSTITUTING IHTOTHC tfSOLlS ER.OH 

P * JS e USING T HC ANALOGOUS GLECTtlCAL- EHf 

SU&STlTOTlj-Fc. INTO T Hfc" RESULTS F80H PAET WOTHC FU.OH TA£>L£ W.Z. (.StC LEFT'), 
AMALOGOOS ELECTRICAL CHABECUeiST ICS, 

i»w*Ai«v-w.o « 

dfc 

L F R dAi*-fy^ =e *» SWM «fc ^ 


•SUBSTITUTING INTO the tesuus EfcOH VAfeTCO') 
USING T «(? ANALOGOUS GLEC.TE 1CA(_ C HAgAcTVdl^ ld> 


kioiej. 


THESE EQUATIONS CAN ALSO B>G OBTAINED 

&Y Sohhing the voltage drops around 

THE LOOPS IN the Circuit OF PEoB^'ISS" 
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19.159 


Given: 

thin si^uare POTS' 
or sioe 

oscillations a Boot 
PB AT A btSTAWCe 
b F2.0M G 

Fmtv. 

(.o^ktioo ir b=oVz 

IM A SECOND VALUE OP 
b WHICH GivesTHe 

_SA ME PttAo D to IN «Q 

IB 

N&iutdms Ult) 

,a - z»^-twuO«« 


19.160 


^ *"3 /t* 

Wi<3 bsiN© =-l(X-4vidL t M.b') 5<=© 

Oif b© 

« Simq^© 

lr + to b 1 ") 9 +■ W> ^b© = o 

Xf (X - 11 

i- 

OCl Q 

Q + —- = O 

+J&+ * 

t„= ^ - anv/ fl-HiTb 7 - O'* 

uo* V l^ b 

(A'* Wttfc'K b= afa. 

'C*-XTT \l et a(£7<0 =2JT\M 

tb") Boating th© kesult peon PAKi (.o^ 

TO t© U\ AND VaoAtINC BOTHSlOrS., 

0- x 4 ixb* =-aa 

ajb *<J 

ltb^’-tz4a)Cb^ + 'Sa 1 'i= o 
b 2 -(-|^b+ =■ ° 

b = _ 4 ^ 


U & 
b * G 


V TK/c' 




given: 

half section of a sociO 
c-vunoeo. is Kota re c> THeooci 
A SHALL ANGLE AND EtLEASCO 

finu: 

PLTIO O OF OyLI L LATAON lC oOSUOINCX 

Position (D 

©•» o T, — o x 

"7 v^i^cicO-cos^haqcew 

/ Position (?) *- 

■77-r V-j= O 

-[^.= 1 vwo’ + l r©J" 

a. > 

*>=<jr-oS 


■ msi^urAHeous 

CtHTCE 


!(,- X 4 WiC a X =r o -Hvic' l T X Wip i _»yic'= WlLl^-C '1 

Ti- i Wi L(jr-cf +- U'-c*Vl C 
O "L v 

P>~ \ w tV-1C.lr 

c= Vtt T ^W\^-HUy^ e - 

T a = i IM ►’[i - £ n 10SO.B z Si, Wl 1-^©* 
T. + U.'To.+V/-,. 

op Im^(4jT v ) Gy* = O-BIFGIM It 2 © vn 
For. small oscillation 
&- Q ^simOo^h^ 

o 

© = ©|A,U) M cos(io„U 4>1 

o 

© Iftl = Q yvi lO l/| 

JfS. KICK. ©^= O.iKSbVWV* e’w|CL>vi L 

W^» tisa. a = a .G S ( S Q s l 
o.bkpg r 

00* = 0 0073 \M 

tr 

•c w * as = in__\[T 

W* t). 8072- N a 


X^i.ie\fY s 
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19.161 


Caiveti: 



ElMJBi 


Wa= 30 lb > Wa=alb 

Wc.- y ib ^ttachfo ro 6 

No SUPPING- 

V’EfctOD OF SMALL O'CIOATIOHJ 


O/ 



\Wft 


( datum W 


Small oscillations tr = lr 6 (i-cosO^ > )^© 3 / 2 . 
P osition 0 \r a e> B = r A © A 

I ,=. +-b L X A ^!s Q„) 

f 6 = WV [6 Xa= r* 

•X. -X. 

r,= \.[^c'To ■» A^t r£h <^aV»VzHW^] ©i 

T|= -L_ [(Vvi c 4 *v»®/x +• w\f,lz) fa &V\ 

V,- O 

PaimsiB© 

N/-i = Vv\ t ^W= lw c ^©^/i 
T, + y, = T^-tVi. ^ 

^ IVT bO»\ ©on 

4. t^M im a /j lo a + o = 

o-+ /i 

00**= lo^c. _ 2. 

tv\ c t- (►*&♦ w*Vi Fa 

= _?_ LlllSik?') 

F+UZtJol/z O/iOft 


U)vN S’ 


■a. rr zrr 


= 1-T8S S. 


1 9-162 | given: 

“l-oi SY«>s« 5P€ ecrot', 
*C«= < 0 .OOi INH-eN Eo-roe. IS 
SUSP6ND6D FtDM A VJISJF 

0 I J ) AS SHOWN 

WHEN IAS* HI. blAMFTCTL 
SPHeiLe IS SUSPENDED IN 
jj^Hl Mhtk) THE SAME FASH\0N TV+g 

p€^vod 3-sos. 

U B-A6I0S OF OVtATtoN 4. OF THE 

_ _ BOTOB. 


fe^'SPCJNG CONSTANT OF THE WHE 
Fob. ■sfMeee «>£ zotob. 



<TMe>" (Z NoVf-( 


•O t, 

© + ± © = o 

X 


Ic©=-3T9C. pC— © 


’“'•I V^,' m VTA ‘0 


fol M. « -T_ . -*. 

X= imA. - ^ =* 7 . 7 fe 4 x|<? jit 

(hz -WS') _ 

FCoh CO £,= an V~ 


• bPHene 


5P w-t = 4qo Ib/Ft? 


X= 5 ^f 


HTX W V'i=fy©L'>CSP'»t'*~'4' Tr3 ' e 

w\= ^ Rus/iViroCtf C4<lo Ib/ft 3 ] 

[_i7.ZPt/s^] 

im= <i.OotM0 5 lb-5’/ft 
f= (ioofcMO^b sVK^O^VO^fvT 
if «? 77ZX co' & Ib-S'-ffc 


Peon o'* 


1>.80 = IT* 


Divtoe e^.U.'i aveQ.Cs^ ano squaring 

/ Jb- vL ( 1-7^4X10^ ib sVto4 ?~ 
x 3 ' 80 ' <1771X10* lb S* ?t 

t=Q^ is^ajv 1 ® 3 . las f-e- 

(Tifaaxio -3 )^; 80 

.0L" 0.0 51,0 ft 

1b-b.<elZ tn. 
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19163 <a iYEN: 

T m IS’-A-i Block B couNtaep ov a 

coeo ro * block ft 
suspended Feon a spbino» 

OP 3-fcNflf* 

? SYSTEM AT etsr WHEN THE 

coR-b v*, cor 

FiNQ: 

w'iFRecjoCNCV. Amplitude and 

a HftvinoM velocity of the 

CtfSOLTlNS MOTION 
Lt) MINIMUM TENSION IM THE SPtlMC. 
OoeiNti TAC MOTION 
(O velocity of a, 0.3 s ftrreit 

__T Hg COfcD is COT _ 


>3tN/*M position immediately 

I S9O.U6W0H ***** T * fe CO£0 15 C C= f 

P I v PoMIlON OF -rr G • 

C7] 1 ‘ * Yo- w 8l 1 v. 

A113 ~Si 3doo W/i* *p 

To= 0 004 qOS" M J_ 

eQ.Qq.io’) _ b 

V-=%»,SINL w wt^ct)') lo„- \/ 4 i/rvv Position 0 

wHcae y. is HCT>sutt.eO from the 
<&?vj<ueeioH Position 


19.164 


5iVSH: 


y-o EouiusaioH 


two eoos zk-h of 
NASS *v\ AND LENGTH 
L ,W6L0E"D TDCCTOet 
TO FOtN THE" P6SEH&U 
SHOWN 

(oOTHe distance b 
Foe. WHICH thg 
ROeWOSNC-Y <JF SMALL 
OSCJUATIOMS is 

mammon 

Lb) thg coetesPauomc. 

_HA»I MUH F TLEPOCVICV 

i Ay. y> 


V,= o 


o w »y 3000^/™ - tod/s 


4'^ =3»aj _ fa it mb 

TNITIAu 0ON0lTl0NS(fc=O^ t JT1 ' 3 T 

V- 0 = o.oonqo? ivi iciot^o 

O.OO^IQO/S-'V-w’ 5»N <£> 

0 = V-H.WI. C.OS 4> 4>=^/l- 

o OO490S- V-wnCi^ 

%*,-o.oo<iqosiM = qqi 

hamhom veuxiTY ■a^,= oo v> Xiv,=-^9,is^to.oo<Wos^ 

0.|9oO»n/s 

(b^ HIMIOM Tension in the spbing- occurs 
WHCN ITS DEFLECTION ISHINIMOM 

c 2)^t — «vu^ - 6.A.j K t%i <*/lsO 

_ Ik. 3000 N/lv\ 

§sr = O.OOfcSA lArt 

1 ~r— t=~. < Oim = ?st ”%im 

‘■t»o Sw\=o.ooc>r4 -Oood<?os 

S|ns0tD0( ^^ 

F *vr i«= (10OON/m\.00 IHTm, 

t'tRoM (.0^ V- 11 00MAOS SIN 

l=(j).004Q0SK3833'iCOSC3S 13-tin/i 

-t-o.^s t= 0-iSoo Cosfc*.*3')0i'H'rt/V> 

- O-lSdX Iaa/s 4 


T,= J^(_to\\3c.oFw'') ftfe -v + ^-Ae,Q*v>l 

0'cft= b © M Tjr Aa =C L MeiM 

o “*** 3 "vt. ^ 

position (a) 

'A.- Vw^ b Cv-cose^) + img ^tO-cos© m ) 

SMALL ANCLES l-COSOy^ ©w/t. 


V t = IM^ ( b f '-/O 


It,+\/,=t^ \i?_ 


T x -o 


^W.CbH ffL'] ©^+0= 0+ Lb^v]© ^ 


©im'"Ia)w© m 


. .-V_ 


Haxoo^ vjwtN dui^/db=o 

du>^ L^yn^Vi-^C^i-/^^b> _ Q 

db (.tf+r/iiLM'- 

-b a -Lb +(J-/iy) !.■*■= O 
b= -LTVjLMd-O/aJL^-. 0.3lbL,\.3(U 


b= o."iibt- 

C^PllOH Gb (.0 ft Nb THG ANSwGt-TO CP'S 

(0.?-= 3[0/Mfe+6-Sl -(.580^1- 

(^.•iity+s/iOL 

r L =4o3^ J \[i.s8o~ \f^/ L -a-ioo jf/[ Hi. 

^T1 -itr - ' 
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19.165 I given : 

speing soppoEted horoe speed 

iNcae^set* ceon zoo «-piv> to 
TOO Ep*w 

AMDUTOOC OF VIBRATION Oecem 

Contiwooosly from ?*wwrozy» 

Find: 

Ca'iteioNANr speeti 

_ C b) AHPU TU D6 OFS T HhOV Sr p HT maeATUn fit IfiOlrf 

{&") Foe P. HOToe WITH A- ROTOR UNBALANCE 

the ahputuoc of vibration is given 
CSV (sec sAMpee peoe. iQ.r's 

AT too lrpi*i ^ 

w r. (loo') /& . (.,>) 

CRuwKcH 

AT Soo Tpwi .. 

^ WHr(ytxT) Ik. £ Z \ 

Cl -(5fto/t v ,y > ) 

Dividing cq coev cc*. cr> term by term,, 

_g. _ i - ^/^fUooS 2 - 


4-Cioo/kV^Csbo^ 

fai) (l- (loo Utf) - 0.Ifao(1- {fool p „) 1 ) 

3.7. ( f*-boo1 V= o-Uo( f )') 
Csi-O-lb0)(t»)= ‘MliOoV'-Co tboKVUo^ 

Z©«}41 



A 


N» w-mq M e> 

Utt 4- % -I 

•a. ■> 

ub=(VxH 

F t ZFq=^.(Fv^gcr: _ 

THUS 

Fft=^ na=44-^.V^ 

Fb= Me Mb =/f 4- 4 $>>3 

+° 

?F = Z(F*\ e *< 

F A - F q =- Wi5f 

<f f (4+ &>$ = 

tvi? + Oj Tt =-o 

U)-> 

JL 

£= Wf =i-' 


?vi = HO.14 v-pw\ 

B«rSONAMC.t= WHEN 


•fv>— no.I IrpM 


^*no.i irpM 

i-5*= no.l vpw CtesoN^Nce'j 
, -- £$.= 2o<= rpto 


Yw*** Tjr 2 qq f ptv> bjf- T-TTCtOcA 

1-(lOf/u)^Y' (xi=.ZoTT t » 


- ^ lg C20TT/5 j (€%0 

, . ( 2 QO/ no .l 4 ) Z 

mi - (- S^C-O.^'g^ = 0.00<o9fc3 

■*- (2oTT/3') i 


3 


£= w, =X 

* arr ^ 


loo rPivi 


l.ifefcfo i/vwm 

l - (_ loo/no - WY 1 


Xva- I 'fcl »•« 
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_ 19 - 167 Qi.yf±i; 


F B A 


Foe £*=&& 


COMPOUND PeNOOLOM vmiTH 
fcNIFG GD&eS AT A AND e> 

A CIST ANC6 £. APAer 
CconTEBUjG'I&hT D IS 
Aoxosree so that t«e 
P eetoD is the sa*ag when 
evTt+ce fnifg eose is used 
hat : 

thg Ptevoo is thv= samg 
A s A SlMPCfe PGNDUCOH of 
LSN&rH S(l.eV2TI^l 
— AmiH AT ^ 4-n-U F c^- 

Peon peoe i<».S2 thg i^ngth 
of AN eopoiVAUJNT SIMPCF 

Pcngulum is: 
i/F 

l AMO _ 

/i Su- k/1 
But "Ca = "C (i 

aTT \T^ = exr\/^r 
thos 

6 


4oo-ifc.<j noroe soPBoeTED 6V 
pooe SPCinGS- GACH- SPeiNG has 

A CONSTANT OF ISO 4.N/»UI 
ONBALANce IS 11 At too Wtn 
FftOH Tl+ff AXIS OF eoTATtON 

Foe a speeo of Boo rpwa 

(aTTH-G AHDUTOOG OF THG FOOOTUATtNG- 

FoecG teansmittgd to thg foundation 
( b^Tue amputoof of thg v/eencAi_ 

HPT to N OF T h& HO TOE-_._ 


p f ^ = E. * 

P C- 

F*BpiC5.~ ye.V^F 

petrel® 

IJF-b} is, o 

THOS i e* it" 

ot F=5«./£ (L* Wp 

\ 

THUS M»=<iA' AND BG=Gft' 
THAT IS, A' A’ AND B-’e. 1 
NOTING TH-AT =£({,--ft- 

-C-rn \JT~ 

% 

oe a. 4lf*Jl 
'C v 




Feon eoCi9.sB) 


l- <&►>* A*.? 

THUS F T = A'¥-w = P> " 

i- hV/oJ**- 

4 -(4Hi to.ooo n/h^i- too.ooo HI im 

n. / Cooo^ooo ..i 

lOn- — 4^5 - 1 ^ 09 ^ 

oj|= (.7n-^YV:[£rrU&oo/fao'] 2 '— ioi& s' 

P(AA 3 Wi ir <04 =(f>.oas ft.j'Kc.lOO Vv^hoiS s*') 
Plrv\ = ifc 14 N 

SoR>stitotin& thg asovg values into 

p r= _ifcJ4_ _ -4.38BN 

I- (?PI%/tfOo) 

Ft=4.3«N 

^ %*= R-/A = ^SiLL 

000,000 N/^ 

/ y. Wl -= 0.007SI XIO**^ 

%m=0.0073I WWI 
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19.169 ct i m g m : 

4oo &q Hcnoe soppoereo By 
rout SPB-lNtS e«H WITH 
4t=- ISO fitN/tvi, 

&no a bash Pot with 
C= (oSOO n-s/im 
tlN&AcANte IS 1*3 AT loo HH 
FfcOM THE AMS OF HOTATION 

-miy. 

pot A SPtetsO op 800 IrpKvi 
ta> AFiPUTODe OF TUG FClXXuATl N6 FOtLCG 
TEANSHiTTCD TO TH£ FOUNDATION 
(Jd) AHPUTU06 OF THE Vee-TlCAC MOTION 

_ OF THg HOTOfc . _ _ _ _ 





Vf 


i=lu.uJ ( tosCH- u ^ 


SMMjL HASS YV\ Art ACHFO To AM CuASTIC 
coeo OF LeNCTH JL A IN a HOB-lZClHTAL. 
Pi.ANe 

TENSION IN THE COCO lit MAI MS 
CONSTANT AS THE CSAy_ |S GIVioN 
A ftlAU. OlStXA'CS MCNT Pfc'R PENOlCOCAE. 
To the: coed ana eenrASEb 


Pisa : 


(ft'l blFFeeSMTiAu erSOATVON OF MOTION OF 
THS BAc_i_ 

Cb'i THE PeeiOO OF VI BEAT ion 


? ?,L 

f * .*r ^ ^ 

IX] 

u 

U- j 

p 

sx 



iMv ill 




P T -^') t -+ c $-= 5(^114>V c 

fcHPuruOfc ^ *-w>Yje + 6'I 

moH 5Q ^ 

fe= 4 0so,000*4/V too,000 N/nn 

lOv? * flt/M =* too.ooo/<4 OO = 1500 

co^= (zrrf^ J =tzntsooVtoJ^ 7oiS s' 1 - 

KvtTCo^= CO.OZSfe^HO.IOOwXlO'B')- It 14 N 
It-14 

FtoH 111 , ~~ — , • 1 * 

*" V&0°,000-Aooy.Toi8)F(4>S»y(7oi8') 


FB.OM LO 


TlM = 10 * to" VVt (3^ 

(FtV' 7. iomV \(CaOO.OCXjf4-ltS00^C7Q1 

CFrW* S.1SN ◄ 


(bt FtOTI (S') 


y.ltn= D-OOTIO W\*H 


MOTE; CouPAniNC fcesocTs wtTH PftoB.. i^.ttS 
IN wrtICH THCif IS NO DASHPOT^THF 

AHPuTooe of rue roece has tNce.EA46C> 

wvm.e THE AHOuTODG OF VERTICAL HoHOM 

Bec-HtAses. 


+ f ZF= wo. 

ZT 5tN© = IwT? 

Foe. SHAtL Y. % Sin e at TAM 6 = X 

tw x for Y = o 

Wi\ 


Im *.+ 4T x-o 

& 


Urt oo* = at 


= T\f$ 

w* ^ar/wA ’ T 
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19.C1 IsiveNi 

PeCloDQF A SIMPLE PENDULUM OF 
LENGTH fi. 1% , 

\MK£te c_*SINi©w, ^NlQ Gw 15 THE 

AmPutubs 

Find: 

the SUM OF THE SEtlES IN &e*C«TS USING 
SoccESSiVeLV 1,7^4,6 ftN5 IG TCltiS Fo£t 
VALUE'S OF FeoM 30 °TO rLO° USING 

3o° iNceeHeNT 5 .GxPC.ess cesocrs ujvth 

_ Five s i gnifica n t FiGoe es_ _ 

eevieite Given series iNreeHS of i.i.a..-- 


(\toPj./Tootf - <S>. 


it 7 r».?/7i 


ffl' 1 


" * <S», C - y S'" <9*. 

*A' '-A 


*vf A*/* r contort * ts toUotuf. 


n • 1: 

8 - 

»* Z: 

6- 

»sj: 

3 s 




M HK» STte SivgmTY Hgo»r 7ttf - 


is T*e CMSftttr !H g gut is DtHortv 8 V “DCLTA 


7tm SsnomrY ( g”_ 7 <) is JPmoaaey t^ticvi • 


CM-CUChTE C- iN ©w .FOE. 0„ A =30° 
CALCULATE B ( USING THS ALCoeiTHH ABODE 

Fbt n*> l,7,4,6 ( \t 

PeiNT B Foe ANO A 

EEP£>T FOK. ©*,«. to” <?0* ANO 110° 

PeOGCAH OutPuT 


JUplltud* - *• «W» 


■ IP# dtgrcn 
N Ir *ck*t 
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19.C2 oiveN; 


19.C3 


< b wet*: 


Foece oefu-ction equation Foe. A 
CAASS OF SPAING is, F=sV / " 

wwete F is in NeiuWS a-no X is 
thg defcrxion in nercts 

i: 

Foe A &LOCZ OF HASS M 5USP€N0CC) FeoM 
THC ^PElMG A Mis I ^ GIUEN A SHALL. DOWNWAeO 
Displacement peon its eooiu aeioh FOSITIoNj 
THE FREQUENCY OF VI&eATlON OF T HE 
BLOCt Foe »V»= o,-2,0.8 AND 1.0 ANO 
FoC, VALUES OF IA F6fiH 17T>Z USlNG- 



AnAlVsis 

Foece- deflection cuevt 
F I 


F 


SloF*e = 4f -Jte. 
alt 


eqoiu sfeuiH Position 

X 


. j Vw-i 

"““VsT*^ *•“" 

£ r = w* = j_ vcj^i (Vi 

2FH 

Foe ANY IMO ( thg Equation Point is 
F= w><^ SXo''" 

OtiTuwe OF PfcPGEAM 

1. calculate x 0 feoh eq to roe wi=o.z4q 

ANO YI--2. 

2 . SoBST ITOTE Y-o FltOM CV) INTO O'), 

3. CALCOLATe 4'v^AND PEI NT ,VW AND Irt 

4 e.FPFAT STEPS 1 -iFOfc lA=l.?,l.t,l. 4 , 1.2 AnO 1.0 

5 ee?tAT STEPS t-4 Foe IV\= 0. fa ANO 1.0 It5 
Peo&eAH tX)T P\)T 


hachine eteiifKiT SoPPocnt 
r. »•-**>•>(< B y sPeiN6S awo coNNsacb rc 

ft DashPOT is suDjecreo 

ro a peeiooie foccf as 

SHOWN 

fino; 

rot FtEHOENCV tATIOS 
EQUAL TO 0.8,1-4 ANO 2.0 
ANO Foe DAMPING FfrODCS 
c /Cc G90AU Tl> 0, I , AND 2. ( 
THE TtANSVIlSSlfclLlTY 
lK« = F^i/Ptvi whece Fim is 
the Hayimoh rotes 
transmitted to the 
TOondatiom to the 

_HAM HUM 'ihWs ?ua, _ 

M-VSIS 

reon Ftoe,. i^. \48, 

_ Pw _ / I t[ZCCfc c ’)0°t/«Oi.S*'] 

v i.v-c«^/w«nS C'»cc/oe^/ujii x ' 

tline of Pto^EAH Cosing the above PeoseMi') 
i input <c/c<_ - o 

2. xnovjt i^iui„=o8 

3. P AUCOCATIc Tim A NO Pei NT FOC. £/e c AtiO 
LOf/lO* THE VAt-OE OF Twi 

4 Zepem steps i anO 2 Foe co f /w n = i- 4 
ANO THEN Foe /U3„=1.0 
S. Eepcat steps iTHtoosH 4 Foe C/ Cc =l.0 
AnOTITCN Foe C2c c * 2.0 


n 

m (kg) 

f (H 

2.0 

0.20 

0.898 

1.8 

0.20 

0.862 

1.6 

0.20 

0.833 

1.4 

0.20 

0.811 

1.2 

0.20 

0.798 

1.0 

0.20 

0.796 

2.0 

0.60 

0.299 

1.8 

0.60 

0.321 

1.6 

0.60 

0.346 

1.4 

0.60 

0.376 

1.2 

0.60 

0.413 

1.0 

0.60 

0.459 

2.0 

1.00 

0.180 

1.8 

1.00 

0.203 

1.6 

1.00 

0.230 

1.4 

1.00 

0.263 

1.2 

1.00 

0.304 

1.0 

1.00 

0.356 



c/u 


FREQ- RATIO 

DAMPING FACTOR 

TRAN. RATIO 

0. B0 

0.0 

2.778 

1.40 

0.0 

1.042 

2.00 

0.0 

0.331 

0.80 

1.0 

1.150 

1.40 

1.0 

1.004 

2.00 

1.0 

0.825 

0.80 

2.0 

1.041 

1.40 

2.0 

1.001 

2.00 

2.0 

0.944 
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19.C4 


GNPn: 


motor. supported ev four. 
SPe.lNC5 GACH OF constant 
EO HN/fr) UNBftCANCtf EQUALS 

log at 17.5 from Ams of 
Dotation 


FIND; 


AMPCITUOE AND ACCELERATION Foe MOTOR speeds 

of ioooto esoo rpiM 05 Inc iso rpnn 
t NcgcxeTHT s_ __ 


Analy sis 

Peon 


T\m~ 


P~/tL 


i -K/W) 7 - 

P*> = iai v u>\ (.Sample probes') 




4 X (.0,000 Vlltwi = 240,000 N/w 
Pim- Ip.oeo'x.o.vis')^ ■= -esooxio " 6 to}: 

0j* l = 4.= • ZUO.OOO N/M _ 14,400 S' 7 - 

M isft.^ 

■substitute T«e above values into O') 




_ (2SU0*loH»5)/'(^40 ) 0oo'> 


]- CO l $ /Ifeooo 


t|/n = UJ t l V-vv, HWS 1 


M '■ 1 ') 

W 


W') 


OJjaCtPn^C^tTl/fao 

OcfTLING OF PROGEM-I 

(• using- tie UT And noting eq.lO input an 
INITIAL VALUE OF HOToe. SPEED OF 
lOOO Ppl/VI 
tALCULAT E Ym 

3.CALCULATE FeoH ET$ Ci'i x 0k.pn 
^PernT tPM, x w a no g.*a 
S- eePEAT irvrvs i through^ Foe-HOTOR 

LPEfcDs OP MOO TO 1SCO rpw\ IN STOPS 

OF loo I rpw\ 

Proccah out pot 

TO obtain TNG UNITS CoeepSPONDlNC TO 
THE AMSUJfea.S,8eLOW,MOLTlPLV e<? U.T ilr lOOO , 
Ana IF TNG RESULT OnIA***") ISuGEO (NE?j> 

DIVIDE IT BY lOOO. 


SPEED <RPM> AMP. (mm) 


ACCEL.(m/s»*2) 


19.C5 


GIVEN; 


5APAe AS 14.C4 AT LEFT VU1TF A 
DASHPoT HAVING A COEFFICIENT 
OF DAMPING c. = 2-S Ji N /s 15 

Connected TOTrte motor. base 

fnd rue e.eooNo 


FIND: 


AiMPuTOOC AND ACCELERATION Foe HOR>C SPEEDS 
O F [OOP TO TLSOO Ir pp y\ USI N O lOO rp v n INCe g TiQfra 


Ft on g$.((\5 2) 


7-vw*. 


.4= AyioO^OOOM/tM =e4o,oooH/*w fc t 

^1^ = 1^ rio%= CoTo'>(jan.s')ui\=esnoTud lu* 
■SllGSTlTUTe INTO O') 


CO 


"V^-l/v -1 


= -2.SOO XIO^LO^! 




&Vn" D3j Tf-1/n 


^40,000-IS OJ^TH 7300 j^ 1 


C*> 


Lop= CepM'iCTirV&o 


W) 


QUTUM6 OF peo&eAH 

I using G cp C Z?> MO noting G^.C4\ input AN 
initial value of KOTOR. SDEED OF lOOO tppn 
Z CAlculato V- w Cin pNe-rcts') 

3 . Calculate peoH c*J. (.s') thg accelERatio*) 

<1 t«r\ 

4. PE.IN1 FP(M,x.i*A^m 

5 repeat steps i twroug h 4 foe Horoe. 

SpGtOS OF lioo-TO esoo PpiAA IN 
INCeeMEMTi OF loo Pf»M 


PeoGCAn output 

SEE (00 ns AT LEFT 


SPEED (RPM) AMP. (imn) 


ACCEL. (*/a«*2) 


1000 

1100 

1200 

1300 

1400 

1500 

1600 

1700 

leoo 


0.1006 

0.1140 

0.1257 

0.1353 

0.1430 

0.1491 

0.1538 

0.1574 

0.1601 


1.103 

1.513 

1.984 

2.507 

3.074 

3.679 

4.318 

4.987 

5.688 


1000 

0.363 

3.98 

1900 

0.1621 

6.419 

1100 

0.810 

10.75 

2000 

0.1637 

7.180 

1200 

12.615 

199.21 

2100 

0.1649 

7.972 

1300 

-1.219 

22.60 

2200 

0.1657 

8.796 

1400 

-0.652 

14.02 

2300 

0.1664 

9.653 

1500 

-0.474 

11.70 

2400 

0.1669 

10.542 

1600 

-0.388 

10.88 

2500 

0.1673 

11.464 

1700 

-0.337 

10.67 




1800 

-0.303 

10.77 




1900 

-0.280 

11.07 




2000 

-0.262 

11.51 




2100 

-0.249 

12.05 




2200 

-0.239 

12.66 




2300 

-0.230 

13.35 




2400 

-0.223 

14.10 




2500 

-0.217 

14.90 
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19.C6 


g'MEN; 





- 


l—. 

r 


TK.Au.ee. AND LOAD HASS 

= zso 

SoPPcd EO av TWO 
aPei nes> cach with 
ft P- \o(tN/wi 
CdAO IS A 51N6 
CoeVG W TVtt AM 
AMPUTUOe OF <10 MWI 
M& WANE OtNC,T H 0F| 
S' M, 


P ih d; 


M AHPUTviDC OF VIOEATION AND MAXIMUM VEETKAl 

AaceujtATtoN of THETEMute Foe. spgfos of 

IO TO >softwi/l* USING. S-itv*o/»A tWCejEMeNTS, 

(^USlMG, AFPeoPeiME SHALUEe. (NC-tEMENTS 

DtlElHlNE Trtt gANGC OF VALUES OFTHt SPUED 
Foe WHICH THE TfeA l LfcE. will LEAVE TH E i^POOHO 


ANAQTSIS 

m-L* 



• SimSINU^E -Jj_ _ 

a4=-2 to,ooo n/m 

- 70, CroO M I im 


FB.OM EG) CW.3V^ 





s_4._ z.a,000^/1*, 
* im ~ ~TsoTEjj 


10 «= 80 5' 


Tko^ te*, = 

O |N -fe_lVI /{f\ 


^ - <bvw Sin .3^ 


%sCt 

Sw\SlN("J-M"t 
•n-Vvr uj^ztY'c 


U) 4 = ZTT'y-TtVU 


4o wvl 


l _ f aiTWOocrt 


Wivvl 


Ct'i 


(b) 


when 

have 


,3, 


rHfeV 

.-l'I 


AND Ane IN PHASe 

e same sign Cue v.,, 

THE TeMUZ LEAVES THE 
SEOONO W|4eN THE FOULE 

in t« 6 -speiNG is e.eeo. 

THl 5 OCCUftS WHEN 

T^Sw-V-SsT WrtELc 

«_ _ ZSO> <?-8l 

' Jrr ocL ?_o, ooo 

?ST= O.izzfein = 172.4) tvMM 
THUS WHEN TC W )> 12.7.t+40= K»Z.foliv\W TWE 
TtAlLee. WILE UEAVC XHE Cr EOOSt b 

^hen 'j »,Nb t aee out of Phase Cl*,-'} th- 6 
TpMtee? vjoill leave the g coon ts \nhen 
y-V"<- rz2.4,-V‘50= -82.<olMW 



19.C6 CONTINUED 


ootline of Peo&em 

ta'T input to e<$> i v*lu€SoF velocity feoH 

to ro 8 0 IN S fti/n/ls INTERVALS 

A NO PI 2 IWT THE e.ESut_TS 
P&O&eAH OUTPUT 


i (km/h) 

AMPLITUDE (iron) 

10.0 

47.19 

15.0 

60.05 

20.0 

102.36 

25.0 

832.11 

30.0 

-107.B8 

35.0 

-46.20 

40.0 

-27.84 

45.0 

-19.19 

50.0 

-14.25 

55.0 

-11.09 

60.0 

-8.92 

65.0 

-7.36 

70.0 

-6.19 

75.0 

-5.29 

60.0 

-4.57 


Cb’i FEOM PABT Uo^ OF THC ANAlVSIS W« NOTE 
THAT if X IVl >i(ol4»v.M 0 e **, <-e2.6.*«i*i 
THC TBAILee WILL UTAVs THE <s.eooND. FEOM 
Tl+e (Le-sours OF PAET C«T WG NOT6 TH-pr 

this occoas Between the velocitils 

OF T.o4t*/fo ANO 3S'WL/h 

Efeun fo Ci'i Foe velocities of eo Iom/^ 
to 3S"ftl*i/h AT INTtBUALS OF 0.1 ftWH ANO 
PeiwT TH-e eesoLTS 
SPEED CfeWAT AntUUSClT (awT 
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WHe*LS 


22.3 

-p 

164.09 . 

26.9 

22.4 

1 

169.65 

27.0 

22.5 

Loses 

174.72 

27.1 

22.6 

COMTlvCt 160 • 13 

27.2 

22.7 


185.90 

27.3 

22.8 


192.09 

27.4 

22.9 


198.73 

27.5 

23.0 


205.68 

27.6 

23.1 


213.60 

27.7 

23.2 


221.96 

27.8 

23.3 


231.04 

27.9 

23.4 


240.94 

28.0 

23.5 


251.77 

28.1 

23.6 


263.68 

28.2 

23.7 


276.82 

28.3 

23.8 


291.41 

28.4 

23 9 


307.70 

28.5 

24.0 


326.00 

28.6 

24.1 


346.70 

28.7 

24.2 


370.31 

28.8 

24.1 


397.49 

28.9 

24.4 


429.12 

29.0 

24.5 


466.39 

29.1 

24.6 


510.94 

29.2 

24.7 

A 

565.14 

29.3 

24.8 


632.52 

29.4 

24.9 


718.53 

29.5 

25.0 


832.14 

29.6 

25.1 


909.16 

29.7 

25.2 


1220.36 

29.8 

25.3 


1594.54 

29.9 

25.4 


2303.69 

30.0 

25.5 


4161.94 

30.1 

25.6 



30.2 

25.7 



30.3 

30.4 

25.6 



30.5 

25.9 

26.0 



30.6 

30.7 

26.1 



30.8 

26.2 


-878.93 


26.3 


-747.58 


26 4 


-650.06 

31.1 
31 .2 

26.5 


-574.79 

26 6 


-514.95 

rrr 

26.7 


-466.22 


5iEep(AiH/t'1 

56.8 


AwAj7xjafa(H| 

-425.7B 
-391.68 
-362.54 
-337.35 
-315.35 
-295.98 
-278.79 
-263.44 
-249.64 
-237.17 
-225.85 
-215.53 
-206.08 
-197.39 
-189.37 
-181.96 
-175.08 
-168.68 
-162.72 
-157.14 
-151.91 
147.00 
-142.39 
-130.04 
-133.94 
-130.06 
-126.38 
-122.90 
-119.59 
-116.45 
-11345 
-110.60 
-107.08 
-105.28 
-102.80 
-100.42 
-96.14 
-95.96 
-93.06 
-91.85 
-09.91 
-88.05 
*<£ONT*CT 06.26 
-84.54 
•82,88 


I 


-81.27 


L0S.6 CONTACT WHEN 72.5iil*l/t, <0 <■ 3l.lftjn/t| 













